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SUMMARY.
This study concerns the general area of educational relevance.
In particular, it addresses perceptions of the relevance of
chemical education in respect of professional practice. Its
scope has been confined to the conceptual areas of kinetics
and equilibrium. The research has involved a total of 51
participants, representing educators, practitioners and
students, in a programme of semi-structured interviews
supported by a questionnaire.
The report begins with a consideration of the available
research methodologies, and the reasons for selecting
naturalistic case study. This is followed by a description
of the particular procedures adopted. A method for interview
analysis, and the results of its application to the initial
phase interviews is discussed. A model of thinking strategies
associated with chemical kinetics and equilibrium is introduced.
This is followed by the extension of the research sample and
further interview analysis. From participants' statements
about their experience of chemical education, a model of
perceptual space is proposed, with suggestion of how this
links with thinking strategies in forming an understanding
of the concepts involved.
A discussion of relevance in an educational context is
introduced next, and a distinction drawn between 'relevant
education' and 'educational relevance'. The evaluative nature
of the latter allows the formation of a triadic model of
educational relevance for the concepts being considered.
Evidence for a mismatch between expectations and eventual
experience of chemical education is given. A mechanism is
offered by which individuals' perceptions of educational
relevance may be limited.
The formulation and application of a triangulatory
questionnaire is then discussed, the further insights gained
allowing the three models to be inter-related. Finally, a
characterisation of educational relevance is proposed with a
discussion of the implications this may have for student
learning and staff development in chemical education.
There is no separate literature review as this is interwoven
with each stage of the report.
* * *
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iPREFACE.
Any research inquiry is a journey, and a thesis an interlude
during which one reviews and reports progress so that future
journeying is authentically informed. The 'pure' science
researcher is confronted with reporting an inquiry in which
the prime factors are experimental design, high objectivity
and close control of identified and isolated variables. A
critic might thus question experimental design, and would no
doubt look closely at inferences and conclusions, but only
unusually would the experimenter be considered part of the
experiment.
Reporting science education research using a naturalistic
methodology introduces new factors. 'Hard' data are infrequently
involved; the experimenter is deeply associated with the
experiment, and objectivity is difficult to achieve, let alone
maintain. It may be that objectivity is not even a high
priority in research design. Provided credibility and
authenticity are fostered in the inquiry, none of this
invalidates naturalistic research. However, it does necessitate
that the critic has some appreciation of the 'researcher-as-
person' - a person with skills, knowledge, intelligence(hopefully!)
and prejudices. Life-experiences can provide bias. Further,
the naturalistic 'journey' can be very educative for both
researcher and researched - an element of personal development
is thus inevitable. The researcher is not as isolated from
the 'experiment' compared with pure scientific research. No
pots have been boiled, no electron microscopes energised;
people have met and talked and interacted. In certain important
respects, the researcher becomes part of the data, through
personal contact with participants and a human, evaluative
reaction of such interaction.
These aspects of the naturalistic paradigm have influenced
the style of this research report. The author has deliberately
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set out to report on a journey and a traveller, as well as to
report on the reason for the journey - the questions defining
the research problem and the search for answers. This has
produced what, for some, may be considered a break with
tradition. For example, literature survey is reported as and
when it relates to a specific stage in the development of the
inquiry. Critical evaluation of methodology also occurs 'in
context' rather than as a final review. There is an attempt
to provide a biography of the researcher, not in any formalised
or rigorous way, but as an attempt to give the reader an
insight of the 'researcher-contribution' in the inquiry. The
intention is to present a 'map-reference' from which
interpretation of naturalistic data has been attempted.
The problem tackled in this inquiry (that of attempting to
understand the nature of educational relevance) involves an
opaque yet powerful concept. Powerful, that is, in the sense
that its use frequently introduces an element of unquestioned
acceptance of justification. Rarely is such justification not
just questioned, but unpacked to promote understanding. With
so many professional, political and parental pressure groups
currently demanding relevance in education, it is surprising
that relatively little attention has been paid to what this
may mean in operational terms. The author believes that a
major strength of the naturalistic approach to research is its
ability to progressively focus on significant aspects of such
opaque, multi-faceted and multivariate situations, introducing
an element of pattern and meaning. The style of this report
reflects this progressive focussing technique.
The introductory chapters (1&2) review the experiences and
commitments the author brings to the inquiry, and defines the
research questions. Chapter 3 looks in depth at the reasons
for adopting naturalistic methodology, and Chapter 4 reviews
the detailed design of the inquiry. The next Chapter(S)
considers in detail the major instrument selected for data
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collection - the research interview - whilst Chapter 6 discusses
sampling and the selection of research participants. Chapter
7 considers the analysis of the research data. The progress
of the inquiry is then related to an analysis of the concept
of relevance in education (Chapter 8), producing a basis for
suggesting solutions to the research questions. By way of
confirmatory triangulation, the data from a research
questionnaire are next considered (Chapter 9) before a discussion
of the full findings for Chemical Education is given. (Chapter
10).
As a result of this progressive focussing on particular aspects
of the inquiry and the interpretation of data, it has been
possible to suggest three models: thinking modes; perceptual
dimensions for concept understanding; and educational
relevance. In the opinion of the author, these models go a
long way towards clarifying what we mean by educational
relevance. Of practical necessity, the inquiry has been
limited to specific conceptual areas in chemistry. It is
hoped, however, that the in-depth case-study which forms the
basis of this report will do more than be informative in a
limited field of chemical education. If this case-study can
also indicate new ways of evaluating educational relevance ,
and provide a positive influence on educational practice, the
journey will have been well worthwhile.
* * *
Chapter One
1 1·0
Introduction: Roots.
1·1-1·10 In which personal perspectives
and career background are
discussed.
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CHAPTER ONE.
1. INTRODUCTION: ROOTS.
, "Where shall I begin, please your Majesty?" he
asked.
"Begin at the beginning," the King said, gravely,
"and go on till you come to the end: then stop." ,
Lewis Carroll
Alice in Wonderland (Ch. 10)
* * *
1'1 I have ~ idea where the beginning was; I am far less
certain about the end, and where I shall be able to stop. The
aptness of Lewis Carroll's words may seem obvious in telling
everyday stories. However, inquiry seems to become increasingly
open-ended as it progresses, the tendency for divergency
competing efficiently with attempts to find natural conclusions
In the case of this inquiry, there is also the problem of a
starting-point. No-one offered a research grant to work on
an already defined problem; no supervisor said 'this is what
I want you to look at'. This study developed from my own
interest in science education resulting from career development,
the form and direction being guided rather than dictated by
supervision. Thus the story of this inquiry has roots in
personal history and personal commitments of which the reader
should be aware, for full understanding; roots which generated
the research questions and which involved a re-orientation
from scientist towards that of social scientist. I have a
tale to tell, and I shall - as advised - begin where I think
it all began.
1·2 I can still savour the surprise on learning that my school
had awarded me the Blackburn Prize for Science, based on GCE
'O'level performance, a surprise the greater for two things.
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I had hated physics, and loathed my biology teacher. Perhaps
through some perverse, subconscious reaction, it was then that
my ambition to teach science was born. There followed one or
two years of internal conflict as I battled with an earlier
and still not totally dormant, desire to enter the medical
profession - and battled also to obtain 'a language other than
English', for university entrance purposes. I cannot recollect
learning much French in sitting '0' level five times - but I
learned perseverence. Chemistry was then my major interest
and academic strength, with mathematics diametrically opposite.
1·3 After the surprise, confusion. My attempts to read
chemistry for Honours came to nought. I was offered (and
accepted) a General Sciences degree course in chemistry, physics
and zoology. Having been told that my mathematical ability
(a mediocre pass at '0' level) was far too weak for chemistry,
the next three years were partly spent battling with under-
graduate physics and all its mathematical connotations. It
seemed to me, during that time, that the judgement of academics
was oddly left-handed in a right-handed world, and no university
teacher seemed particularly interested in student progress.
Perhaps this was my reason for over-indulgence in the more
social aspects of undergraduate life, to the detriment of
academic achievement. Nevertheless I managed to graduate,
with my love of science somewhat diminished. but my
determination to teach (oddly) strengthened. A year of post-
graduate education introduced me to Plato and a well managed,
happy community in a Grammar school in the middle of the New
Forest. Those I think are the main impressions I have of that
education year. During that time, the New Forest children
taught me a great deal about teaching, giving me insights into
the excitement of their 'discovery' that were the roots of my
deep seated belief in teaching as a facilitation process. I
became very sceptical of teaching as a knowledge transmission
game.
1.4 My first teaching post, in Portsmouth. provided me with
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the opportunity to really learn some chemistry, and to work
with probably the most remarkable teacher it has been my
fortune to meet. 'The Squire' was a bluff, taciturn
Yorkshireman of immense character and wit. He was revered by
the whole school with a mixture of fear and admiration. But
it was one phrase of his, presented after dressing me down
for failing to return pupils' work on time, that made the
most impression on me:- "Remember lad, exam results mean nowt
if the boys don't understand - they do the learning, and it's
your business to help them." How right he was; so many
teachers seem to expect students to know how to learn, once
provided with the knowledge.
1'5 It became clear to me that my weak first degree would be
a barrier to career progress. I moved to a school in Croydon.
and studied for a Masters Degree in Crystallography, part-time
four evenings a week. After a full day as a teacher, the
effect of role-reversal was dramatic. I was confronted with
the weaknesses of my own learning skills. For the first time
in higher education I experienced the benefit of tutors who
understood the demands being ~ade, and who were seriously
concerned about students' progress. These were hard but
enjoyable and invigorating times. My perspective on scientific
knowledge changed, from 'accumulative fragmentalism' [a growing
collection of substantiated facts (Kelly. 1955); see 3·4'7
to constructed understanding. The need to master Fourier
analysis (starting, as the reader will remember, from an '0'
level Mathematics baseline!) became a source of motivation,
which overcame earlier revulsion for mathematics. An object
lesson in relevance.
1.6 My 'Croydon period' saw two interesting trends developing.
As my depth of knowledge grew through higher degree studies,
and with it a perspective of integrated scientific understanding,
I became less satisified with teaching young people. I have
often wondered why this should have been. A newly found
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enthusiasm for understanding my subject ought to have
augmented my keen interest in aiding young people's cognition,
yet - perhaps paradoxically - I found school teaching was less
satisfying. Rather than enriching my teaching, I grew
restless with the relatively low level of understanding that
could be obtained. A~ about this time I had several student
teachers attached to me, and it was in their work that I found
a new and satisfying role. We spent hours discussing what
this thing 'science' was, and what chemistry was 'all about'.
Translating this into designing learning situations became a
deep fascination. I was struck by the relatively poor
understanding of their subject these graduate student-teachers
had, and the algorithmic nature of their undergraduate
learning. The temptation for them to repeat those algorithms
in their teaching was strong, particularly since they had
seemingly always learned their science that way. They had
accumulated many fragments or 'nuggets of truth' [Kelly (1955)].
Reconstructing those fragments on a framework of meaning
seemed to open new avenues, both for me and those student
teachers. An advertisement for a Lectureship in a College of
Education, to develop new B.Ed. chemistry courses for
secondary teachers, was too attractive an opportunity to
ignore.
1·7 My move to undergraduate teaching was both fortunate and
- at least in the short term - unfortunate. Fortunate because
there was time to think, space to expand. I met, and learned
from, many notable chemical educators. The chance was taken
to teach in Jamaica for an all too brief period under British
Council auspices. The differing perspectives on science, on
chemistry and on teaching and learning which were encountered
broadened my horizons, but did nothing to shake my belief in
teaching as the facilitation of meaningful learning: rather,
the opposite. The unfortunate part of this move was timing.
In the early 1970's science recruitment diminished dramatically.
A period of instability followed in which it became necessary
6 1·5
to collapse a physics and a chemistry department into a
physical sciences department. Yet another degree course to
design, and further curriculum innovation; this time a B.Ed.
in physical science. On the strength of this experience,
which was greatly aided by my earlier integration of scientific
knowledge through reading crystallography, I ran a summer
school in Singapore. At that time, Singapore's science
teachers were being asked to change from separate sciences,
to physical sciences. The experiences encountered there, in
terms of somewhat entrenched 'subject traditionalism', and
similar difficulties encountered in getting acceptance for
the new B.Ed in physical science, raised questions in my mind
about science education. What was this new game I was playing?
What were its rules, and what did one do to score points? It
seemed that at 'practitioner' level, my work to date had
proved not only acceptable, but somewhat successful. However
at institutional level, the only comment I seemed to get was
"I hear you". To which my sotto voce reply was invariably,
"Yes, you may hear me, but you're not listening!"
1'8 My further study for an M.Ed. in science education was
thus no accident, though perhaps a side-step. More importantly,
it catalysed a latent change from science to a form of
social science. With a new 'acceptability', I took on the
direction of professional teacher-development courses in my
College, having to mould an existing harlequin provision in
a wide range of curriculum subjects into a coherent philosophy
and approach. This required the acquisition of management
skills, new to me. This was a very instructive part of my
career development, learning as I did a lot about other people
and their visions and ambitions, and about personal
interactions. It required achieving a greater understanding
of the whole school curriculum, and the needs of the various
age ranges. It seemed a long haul away from the teaching of
chemistry, but has proved a very significant experience,
breaking down the isolation of the subject purist, and
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providing a sympathy with many viewpoints which, in earlier
years, I might well have derided. I owe much of my present
holistic view of education and learning, to my experiences
during these several years. Thus, in the short term, an
unfortunate move, but in the long term a very significant
move.
1·9 But more change was in the air. Teacher education was
drastically reduced in terms of student numbers, and to
survive, my College entered into federation with three others.
Now came the traumas of reorganisation, rationalisation and
redundancy. Whilst part of an autonomous institution, my
perspectives on education had found acceptance if not
agreement. In the wider context of the federation, rather
more traditional approaches existed, with an emphasis on
Primary education. Since my expertise was mainly at Secondary
level, it was natural that I should concentrate on Secondary
Postgraduate Certificate work. With a change of Validating
Body, contact was made with Surrey University Institute for
Educational Development, and a latent research interest
fanned into flame. The 'breeze' blowing on the embers
consisted of an immediate sympathy and empathy with my own
implicit attitudes and beliefs about teaching and learning,
teachers and learners. Much of what is written in this
introduction would have remained implicit, but for this
interaction.
1·10 The importance of presenting the above details lies in
the need to make clear my own position as an educator. In
any evaluation, the baselines must be clearly drawn. What I
hope the reader has gained from the previous paragraphs is
not only how I view teaching and learning, but some indication
of how those attitudes were derived. Also, I hope that, in
outline, I have presented some of the skills brought to this
inquiry, and how these have been gained. Summarising,
therefore:-
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a) I place the teacher in the role of a learning
facilitator, being aware of the need to help the
development of learning skills in the student, at the
same time as aiding meaningful learning of content.
b) I expect the teacher to have a perspective of his/her
subject which allows for a clear understanding of its
'conceptual infrastructure', and how that can be used in
a meaningful and relevant manner.
c) In my view, the educational enterprise is not built
of isolated, albeit interlocking, pieces. There is a
'wholeness' involved which demands more of both teacher
and learner than successful specialisation, since learning
is part of an integrated integrative human activity.
This is not to decry the need for excellence in specialism,
but to put such excellence in an holistic perspective.
d) Career progress has required and developed a range of
skills peripheral to a teaching mode, including:
curriculum development
management
personal evaluation
alongside an awareness of the problems and strategies
associated with working in a rapidly changing situation.
I make no claims or judgements about my efficacy in those
areas, since that is not my purpose.
* * *
9 2·0
Chapter Two
Introduction: Premises.
2·1-2·9 In which personal commitments
and their implications for this
study are discussed.
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CHAPTER TWO.
2. INTRODUCTION: PREMISES.
'Education is the acquisition
of the art of utilisation of
knowledge. '
* *
Whitehead 1932 p6.
*
2·1 The roots of this inquiry are embedded in the secondary
school situation. Personal experience as teacher and teacher-
educator gave rise to a string of questions concerning
chemical education practice, the most significant of which
became increasingly urgent - 'How do individuals construct
chemical concepts?' An implication of this question is that
knowledge is not independent of the processes individuals use
in learning (an epistemological issue which will be discussed
in ChapterlO). If - as seemed to be the evidence of practice
- the learner is simply given a 'knowledge template', there
would appear to be little room for conceptual creativity with
understanding. If - as has recently increasingly become the
practice - the learner is expected to interpret written
materials, then there might be some room for conceptual
creativity, but the extent and nature of understanding
generated would seem to be highly debatable.
2·2 The decision to inquire further into this question led
to the need for a better understanding of two related issues.
On the one hand, the psychology of learning and of the learner
was clearly of importance; on the other, there was the need
to understand what was meant by 'knowledge'. The first of
these factors led to an in-depth review of current approaches
to the psychology of learning [Horscroft (1982a)]. As a
result of this comprehensive review it became clear that I
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felt most comfortable with a framework embracing the
'cognitive' school (e.g. Ausbel), and that of personal
constructivism (e.g. Kelly). Many aspects of the currently
strongly dominant Piagetian approach seemed inappropriate,
particularly in that the stage theory contains little offering
a satisfactory explanation of adolescent learning [Nagy and
Griffiths (1982)]. Further, the apparently rigid stage
structure of mental development seemed too hierarchical to
match personal and recorded experience. One feature at least
of the Piagetian view does have an important significance for
me, however. To generalise, Piaget's insistence that thought,
language and learning are inextricably mixed, implies that
the learner must think and talk, to learn. This not only
illuminates our understanding of the learning process, but
has important methodological consequences for the investigation
of such processes.
2·3 The two consequences of this review (a personal sympathy
with constructivism, and the idea that by listening to the
learner one can gain clues as to the processes of knowledge
construction) were significant influences on the choice of
methodology for this inquiry. Psychometry seemed to have
little to offer in investigating the processes of learning,
since the main focus is not on the individual's thinking
processes, but on the results of those processes. A
naturalistic mode of inquiry thus seemed to be the most
appropriate, with the one-to-one interview situation appearing
to offer the best way forward. The Interview-ahout-Instances
[IAI] [Gilbert and Osborne (1980)] approach was also highly
attractive, but was not in the end adopted for reasons which
will become clear. The methodology of this inquiry is fully
discussed in Chapters 4 and 5.
2·4 My attempts to define an epistemological position
suitable for my research has had implications from two
different angles. The first, personal, angle was a rejection
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of logical- positivism, and an unrationalised belief that
'academic knowledge' was a sub-set of a more general 'world-
knowledge'. My naive impression was that by some (personally)
ill-understood process, individuals pooled their knowledge
through discourse, to generate or define specialist knowledge.
A series of PCKG* seminars on philosophies of science
produced a clear sympathy with a 'consensus' view of knowledge,
and the implied weakening of the objective and realist nature
of science [ Horscroft (1982b)]. Whilst this might be taken
as empathetic with constructivism, there is a problem in
suggesting such a correlation. Individuals may well construct
their own personal 'world knowledge' but this, it may be
argued, is of a very different order from the 'academic
knowledge' that is traditionally the stuff of education.
2·5 The other perspective relates to the perceptions of
others. There is considerable evidence [see for example,
Swift et al (1982); Head (1985)] to show that certain groups
of people project distinct philosophies of scientific
knowledge. School teachers, text books and syllabi seem to
be embued with a Baconian (inductive) view of science.
Professional journals and other written sources show clear
evidence of editorial policy designed to satisfy the
epistemology of the target audience. What had initially
appeared to be unproblematical (ie. my inquiry was to embrace
chemistry), now posed some difficult questions. Whose
chemistry was I intending to involve; teachers' chemistry,
students' chemistry, academic chemistry, etc.? The decision
was taken at this point to attempt to characterise the way
different groups of scientists viewed chemical knowledge, to
see just how important a factor this was. Was researchers'
science so very different from teachers' science, or students'
science? An initial phase of the study was clearly necessary.
------------------------------------------------------------
*Personal Construction of Knowledge Group: a research group sharing a
common sympathy with a constructivist philosophy and psychology, invo~ved
in a wide range of educational research areas. (Department of Educatl0nal
Studies, University of Surrey).
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2·6 Any field of inquiry requires boundaries if it is not to
become so eclectic as to be ephemeral. To perform an initial
phase required a limitation in the chemical concepts it would
embrace. My decision to look at the concepts of chemical
kinetics and chemical equilibrium rested on five main premises:
1. Personal teaching experience showed that these were
not easy concepts to learn.
2. Evidence of learning difficulty existed in the
literature [e.g. Johnstone et al (1977)].
3. The concepts are fundamental in chemistry.
4. The concepts are fundamental to chemical practice.
5. Little research appeared to be in progress in this
aspect of chemistry.
My first task was to map out my own understanding of the
concept relationships involved [Novak (1984)], an exercise
which highlighted the wide range of conceptual complexity
involved (e.g. from the apparently simple idea of 'rate of
reaction' to such complexities as 'transition state compound').
Apart from underlining some large gaps in both my knowledge
and understanding, a significant outcome from this activity
was the clarification of my personal view of this area of
chemistry. It became obvious to me that, in my own thinking,
kinetics and equilibria were very closely related. Diagram 1
(p14) outlines the main conceptual relationships in that
personal perspective. This was interesting, since it was
clear that most authoritative sources (e.g. texts) did not
treat kinetics and equilibria as closely related phenomena,
but as two· distinct studies [see for example Atkins (1986)].
A more detailed discussion of this area of chemistry is
undertaken in Chapter 8.
2·7 The lack of congruity between my concept structure and
that displayed in texts etc., painted to the possibility that
these differing perspectives were related to the use to which
the concepts are put. My own understanding reflects my
teaching approach (or vice-versa); the texts are mainly
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DIAGRAM 1: Personal perspective on the focal concepts.
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written by academic specialists whose purposes are somewhat
different - the recording of precise, accurate and logically
proven knowledge for use as reference material. The initial
phase of the inquiry was to provide an opportunity to identify
and characterise any such differential understanding, access
being gained to the B.P. Research Centre at Sunbury to inter-
view industrial chemical practitioners. A preliminary
analysis of the initial phase interviews was undertaken, so
that further phases of the inquiry could be focussed on
important issues. This analysis proved significant; so
significant in fact that it re-focussed the inquiry onto a
a different problem from that originally selected. Two very
distinct viewpoints emerged concerning the conceptual areas
under study, and a fuller treatment of this will be found in
Chapter 6. These distinct viewpoints appeared to relate to
the context in which the individual was involved with the
concepts, a possible correlation with a learning/researching
polarity (ie. acquisition versus utilisation). Several strong
claims were made concerning the irrelevance of university
chemical education vis-a-vis industrial practice, and this
irrelevance also seemed associated with the polarity.
2·8 My notion of educational relevance thus began to develop
a multi-faceted characteristic. From the interviews there
was clear evidence of a mismatch between vocational expectation
and educational experience. The concept of educational
relevance is widely used and rarely defined. The importance
of relevance in course design, teaching techniques and learning
strategies in any education, let alone chemical education, is
fundamental. Yet the concept is largely unmapped. 'Relevance'
is, I suppose, generally taken to be either 'obvious' or
'commonsense', or far too general an idea to be worth
analysing. Might it not be possible, however, to improve our
understanding of relevance by taking a fairly specific area
of knowledge which has both academic and practical utility,
and trying to find out why those possessing that knowledge
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thought it to be relevant - or otherwise? A new focus for the
inquiry therefore emerged. The implications of an improved
understanding of educational relevance could be highly
significant, not just for courses in Higher Education, but
for all levels of chemical education.
2'9 I hope the reader has gained from these first two
chapters, an understanding of those strands which have led to
an identification of research questions.* Through reading the
biography of the teacher, and that of the researcher, certain
key ideas, commitments, or - if you prefer - concepts should
be discernable. It is these key features which have resulted
in my interest in understanding educational relevance, and
have guided my literature searches. It may be helpful at
this point, therefore, to present in diagrammatic form ~
perception of these key points, and how they relate to the
nature of this inquiry (Diagram 2, p16).
*RESEARCH QUESTIONS:
A. What makes concept learning to be of greatest practical/vocational
value?
B. What is required to make chemical education courses of optimal
relevance?
C. Is it possible to characterise educational relevance in chemical
education?
* * *
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Chapter Three
Justifications.
In which is discussed the choice of approach
used in this study.
3·1 Research avenues.
3·2 Implications for Science education research.
3·3 Choice of paradigm.
3·4 Justifications.
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CHAPTER THREE.
JUSTIFICATIONS:
'Education should begin in research and end in
research···· an education which does not begin
by evoking initiative and end by encouraging
it is wrong. For its whole aim is the production
of active wisdom.'
Whitehead 1932 pS8.
* * *
3.1 Research avenues.
3·1·1 Professor Whitehead's writings are full of significance
for me; either he was a great prophet-philosopher. or we
educationalists have learned little in the last half century-
or of course, both! His claim (above) is notable in two ways;
namely his use of the word 'research', and his insistence that
education should lead to'active wisdom'. Further, the idea
that personal initiative for inquiry which leads to wisdom should
be the aim of education is. of itself, thought provoking. What
is this 'research' that he values so clearly? It must be made
clear that Whitehead's 'research' was of a much less formalised
nature than the meaning that normally comes to mind. Whitehead
was writing of 'discursive adventures' involved in learning,
which he suggested would avoid
'the paralysis of thought induced'" by the
aimless accumulation of precise knowledge.
inert and unuti11sed~' p 58
However. it is my belief that Whitehead's comment does embrace
the whole range of human inquiry, including what one might term
'professional research'; and that of course raises the inevitable
question, what do I mean by 'professional research'? Not an
easy question to answer, but I find I have much in common with
Stenhouse's (1981) 'minimal definition' that 'research is systematic
self-critical inquiry' which:
[ , .• •• 1 S
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"'is founded in curiosity and a desire to understand;
but it is a stable, not a fleeting curiosity, systematic
in sense of being sustained by a strategy'" a persistence
of sequential inquiry by curiosity out of patience. And
fundamental to such persistence of inquiry is a sceptical
temper of mind sustained by critical principles, a doubt
not only about the received and comfortable answers, but
also about one's own hypotheses.' pl03
3'1'2 In contrasting the nature of such inquiry as adopted by
historians and scientists, Stenhouse distinguishes between
research in science which characteristically seeks 'laws or
theories not narrowly conditional upon time' and historical
research which 'recognises time as an essential variable in
the accounts they give.' The importance of this point lies
in the attempts made in scientific research to provide
generalisations which are predictive and universal; historical
research provides generalisation which is 'retrospective and
summarises experience within boundaries of time and place.'
To use Stenhouse's words again
'scientists attempt to account for consistencies of occurrence
or of the conjunction of occurrences over time or for events
which are regarded as inevitable outcomes of preceding causes.
Or, to put it another way, scientists are interested in
the power of laws and theories which are general and predictive
to organise data derived from observations.' pl0S
3'1'3 The utility of such inquiry is twofold. Firstly, the
predictions can provide information about .the context of action;
secondly, application of the general laws will allow us to
estimate the effects of specific acts- two factors which
'strengthen, but do not supercede common sense.' Historical
research has similar utilitarian functions by way of its ability
to summarise experience to provide considerations helpful in
judging how to act, and summarizing experience of action in
a manner which helps judgement in planning acts. In the sense
that both science and history help to define the context in
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which people act, and help to anticipate the outcomes of actions,
they have much in common. But, as Stenhouse paints out,
'When we apply science we premise high predictability,and
when we apply history we premise low predictability. I believe
that the acts and thoughts of human beings contain essentially
unpredictable elements owing to the human capacity for creative
problem-solving and the creation of meanings.' p106
3·1·4 It would seem therefore that there are at least two broad
approaches to that research whose aim is to create 'active wisdom'.
Anyone having the initiative to undertake a 'discursive adventure'
by way of 'systematic self-critical inquiry' would seem to be
faced with the need for decision- which route should be taken
to arrive at something akin to 'active wisdom'? As with the
high road and the low road to Loch Lomond, we have a road of
high predictability or low predictability available. But the
parallel may not be exact; whichever road one took, Loch Lomond
was the eventual destination. It is not as certain that the
two research roads lead so clearly to the same point on the
map.
3·1·5 A critical factor in such a decision must rest with the
nature of the 'problem' which has aroused the curiosity of the
inquirer. The research questions which this study is addressing
(see 2'9) cannot easily be labelled as belonging to a particular
discipline (i.e. chemistry or education). Whilst embracing
scientific (or, more precisely, chemical) concepts, the objectives
are not to secure a fuller understanding of 'hard' scientific
facts. Neither is it intended that the frontier of educational
philosophy should be the major focus of attention. In seeking
to characterise educational relevance within a framework of
chemical education, I am operating in a hybrid field involving
the relationship between educational practice and chemical
knowledge.
3'2 Implications for science education research.
3·2,1 As Kempa (1976) has pointed out, research in science
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education is a relatively new field of activity. Shulman and
Tamir (1973) argue that this growth in activity has resulted
from the curriculum reform movements in science over the last
twenty years or so. Perhaps inevitably therefore, much of this
research has been largely 'empirical' in nature (i.e. on the
road of high predictability) and has led to valuable critical
questioning in areas where value judgements had previously
prevailed, as for example with the merits of 'learning by discovery',
and the transferability of Piagetian notions from a wider context
to that of specific fields of learning. Without diminishing
such achievements, it must be noted that science education
research has its critics. As Shulman and Tamir observed:
'one important characteristic of much of the literature in
science education is the vast disparity between the profound
and truly important nature of the questions raised by the
philosophers working in the field, and the too frequently
trivial empirical studies conducted by the empirical researchers
in the field.' (p 1138)
3·2·2 Such comment, it can be argued, arises from the inevitably
practical context of science education tending to generate rather
specific'problems'. This context-dependency seems to have a
limiting effect on the wider application of research findings.
and hence its utility for informing the more profound issues.
Perhaps science education research should thus attempt to reduce
this context dependency, or
'What is needed .. ··is more decision oriented research i.e.
research which gives rise to findings on the basis of which
positive decisions about instructional strategies, curricular
content, and other issues concerning the effectiveness of
science education, can be taken. , ( Kempa op cit p99 )
In making this plea, Kempa also notes that the majority of recent
science education research ( that is. pre 1976 ) had been within
a 'psychometric paradigm', involving the development of instruments.
the collection of data, and their subsequent statistical analysis.
The reasons for this, he suggests, have been twofold:
1· The relative ease with which such research is facilitated.
2. The natural instinct of the science education researcher,
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with his 'closeness to the sciences', for 'hard data'.
This of course assumes that all science researchers have a
'hard science' background, an assumption which may not be
fully justified.
3.2.3 Whilst 'hard data research' has its values, it has its
limitations, as Kempa points out:
'Researches done in the best tradition of good 'experimental
designs' tend to generate from a priori theoretical statements
and assumptions for which empirical validation is sought, but
rarely lead to the generation of new theories and notions.
Workers in other fields of education have recognised this
methodological problem and turned increasingly to other modes
of research.' (op cit p101).
This point has also been vigorously argued by Phillips (1974),
in his suggestion that research following the scientific paradigm
is good for checking the existing scene, but not primarily a
source of innovation. This, he claims, is far more likely to
come from theorising or 'speculation' (as Feyerabend [1968] prefers
to call it) - or even simply dreaming, as Kekule did when his
studies of benzene structure were seemingly unproductive.
Fensham (1976a) adds a further criticism. He claims that many
successful and innovative examples of science teaching are in
unique situations which are not amenable to 'sound empirical
design', and that quite frequently those involved in such cases
regard systematic research as 'low among their priorities of
participation'.
3·2·4 What then is the alternative, the road of 'low
predictability'? As Gilbert and Pope (1984) observe:
'The educational research world is currently divided on a
fundamental issue: what philosophy should inform its activities.
The established, or conventional approach is based on an analogy
drawn from research in the natural sciences. For that reason
it is sometimes known as the scientific method: it is otherwise
called the objective or experimental or reductionist approach.
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The naturalistic approach is based on an analogy drawn from
research in anthropology, i.e. where individuals are studied
in their social setting. For that reason it is sometimes called
the descriptive or holistic approach.' pI8.
Naturalistic inquiry may be assumed to be any inquiry carried
out in a natural setting. using case-study methods, and relying
heavily on qualitative rather than quantitative data. Guba
and Lincoln (1982) argue that such a description is not. however.
adequate, since naturalistic inquiry is for them a 'paradigm
of inquiry', 'a pattern or model for how inquiry may be conducted'.
For them
'paradigms are axiomatic systems characterised essentially
by their differing sets of assumptions, about the phenomena
into which they are designed to inquire.' (p233)
PjilrA9iall!g' Area of use Methodologyp
iDSIl,,;i.t1.
Adversarial Jurisprudence Opposing parties argue theircase. Jury believed capable
of sifting truth from falsehood
in views heard.
Theological Religious faiths Study of revelation can yieldanswer to any question:
necessary truth is directly
revealed.
Judgemental Art/Literary critique/ Experts/critics by virtue
Music of training and experiencecan recognise truth when
Academic peer they see/read/hear it.
criticism
TABLE 1 Some commonly used Paradigms of inquiry. after Guba and Lincoln
(1982)
3.2.5 Whilst there are many paradigms of inquiry commonly used
in everyday life (see Table 1 for example), disciplined inquiry
(i.e, the process earlier described as professional research) seems
to have been confined almost entirely to the scientific paradigm.
In the area of what might be termed the pure sciences, this has
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been particularly successful, generating considerable academic
respect and status as a mode of research. In consequence, the
scientific paradigm provides a well trodden path of techniques
and strategies for the analysis of its data. However, as Miles
(1979) has pointed out
'the most serious difficulty in the use of qualitative data
is that methods of analysis are not well formulated. For
quantitative data, there are clear conventions the researcher
can use. But the analyst of qualitative data has very few
guidelines for protection against self-delusion, let alone
the presentation of unreliable or invalid conclusions'.
3·3 Choice of Paradigm.
3·3·1 If the application of the scientific paradigm in science
education research has been of limited value (Kempa, Shulman
and Tamir, Phillips, and Fensham, discussed earlier), then the
alternative available would appear to be more of an emerging
paradigm in character, and thus a much less 'secure' path to
take. For an interesting, brief and readable account of the
'rise of naturalism', see Reynolds (1980). The debate concerning
the 'two cultures' [Broadfoot and Nisbet (1981)] is still being
energetically pursued. Which 'mode of research', whether it
be the 'search for generalities' (scientific paradigm) or the
'study of singularities' [Bassey (1983)] carries the most 'clout'
is not a matter of urgency here. Suffice it to say that much
has been written concerning research paradigms [Gilbert and
Pope (1984), Guba and Lincoln (1982), Coher and ~anion (1980),
Rist (1980, 1977), Guba (1978), Fensham (1976a),Parlett and
Hamilton (1972)], the most significant point arising for my
purposes being the use of the term 'paradigm', and the influence
of Tomas Kuhn's (1970) ideas concerning the nature of science.
3·3·2 Rist (1977) quotes a helpful amplification of Guba and
Lincoln's definition of 'paradigm', derived from Kuhn's work:
'A paradigm is a world view, a general perspective, a
way of breaking down the complexity of the real world.
As such paradigms are deeply embedded in the socialisation
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of adherents and practitioners telling them what is
important, what is legitimate, what is reasonable.
Paradigms are normative, they tell the practitioner what
to do without the necessity of long, existential or
epistemological consideration. But it is this aspect of
a paradigm that constitutes both its strength and its
weakness - its strength in that it makes action possible,
its weakness in that the very reason for action is hidden
in the unquestioned assumptions of the paradigm.'
(Patton 1975, quoted in Rist p43;)
my underlining.
3·3· 3 Without questioning these assumptions there is a real
danger of 'reification' (Rist 1977) of methodology constricting
open, un-prejudiced attempts to inquire into natural events; a
strict, almost blind, adherence to paradigmatic rules which
make methodology an end in itself. (Miles 1979). My own reaction
to this potential extreme polarisation was voiced in the parable
of Xoat, written in response to discussions held with my research
colleagues at Surrey University (see Appendix 1).
3'3· 4 Rist (1977) has argued strongly for the need to 'ferret
out ··the unquestioned assumptions' before assessing the value
of various research strategies. The issue involved is not the
research strategy per se:
'the adherence to one paradigm as opposed to another predisposes
one to view the world and the events within it in profoundly
different ways'" The power and pull of a paradigm is more
than simply a methodological orientation. It is a means by
which to grasp reality and give it meaning and predictability
.•• the research orientations are themselves grounded in a
perspective beyond simple of methodological procedure"· we
are in the final analysis, speaking of an inter-related set
of assumptions about the social world which are philosophical,
ideological and epistemological. They encompass more than
empty data gathering techniques.' (p43)
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3·3·5 Thus the selection of any particular methodological stance
should be seen as profoundly theoretical. The implication is
thus that the choice of anyone methodology should also involve
the reasoned rejection of the other methodologies. It must
necessarily relate to the beliefs and values one holds about
the very nature of reality, if the intention is to try to
understand that reality. Choice of method should not therefore
be a question of 'will this inquiry fit into the prevailing
paradigm?', but 'which paradigm fits the nature of the inquiry,
and my own inclinations?'.
3·3·6 I have argued, thus far, that 'professional research'
consists of a systematic self-critical inquiry which is driven
by a desire to understand. The strategy one adopts in attempting
an inquiry is not solely dependent on the methods available
for conducting it. One must consider also the basic philosophical,
ideological and epistemological assumptions implicit in the
various methodologies and with which the researcher can be
compatible. These must then be related to the nature of the
problem inquired into. My own inquiry is not in pure science,
but in science education. For many, research activity in science
education has frequently not looked carefully enough at the
research mode used, with a consequent lack of understanding
and utility. My inquiry considers a small part of the educational
process - a process which contains many parameters with complex
interrelationships between them. It is also a dynamic process
involving change, and thus it could be claimed that, over time,
many of the parameters are themselves far from invariate. Any
inquiry in such an area requires a methodology which will most
effectively illuminate the problem.
'Finding a paradigm that can tolerate real world conditions
surely makes more sense than manipulating those conditions
to meet the arbitrary design requirements of a paradigm.'
Guba and Lincoln (1982) p234.
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3·4 Justifications.
3·4·1 After a review of research articles, Gilbert and Pope (1984)
have suggested the following list of contrasting descriptors
for the available research paradigms:
Paradigm 1
traditional
scientific
experimental
reductionist
prescriptive
quantitative
nomothetic
experiment
Paradigm 2
non-traditional
artistic
naturalistic
holistic
descriptive
qualitative
idiographic
case-study
Experimental: the researcher intervenes in a process and
manipulates certain variables, as opposed to
Naturalistic: the researcher attempts to find out what
happens in natural settings without using a deliberate
experiment.
Reductionist: particular components are deliberately isolated
for study, without reference to overall context.
Holistic: a description of the context and a wide range
of variables operating in that context.
Descriptive: the natural setting is described as fully as
possible in order to achieve a better understanding of
events.
Prescriptive; focusses on interrelationships between
particular variables in order to ascribe cause and effect,
and allow prediction.
Nomothetic: data is collected from a number of cases and
related to the search for general laws or 'norms'.
Idiographic: relating to the study of individuals, or a
small group of individuals making up the 'case' to be studied.
3·4·2 On the basis of these descriptions, my own inquiry clearly
falls into Paradigm 2, since I am attempting to describe selected
individual's views concerning educational relevance. Further
the inquiry seeks to embrace as many factors in the scenario
as possible, including as it does teachers, students, chemical
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industry practioners, and documentary evidence. I have not
attempted to set up experimental situations, since one of my
main aims is to identify variables not control them. Further,
I hope to show improved understanding of the context of educational
relevance through description, the notion of prescription not
really being applicable. The inquiry is idiographic in that
it is a study of a group of individuals; no attempt is being
made to set up norms, though some search for 'regularities'
has been essential. In no way could this be described as a
search for a 'general law'. The techniques used comprise the
semi-structured interview, and questionnaire. Table 2(P30)
indicates clearly how my inquiry falls into Paradigm 2 on this
basis, including choice of technique and type of data.
3·4'3 Five basic axioms which distinguish the two paradigms
have been identified [ Guba and Lincoln (1982)] as:
1. The nature of reality.
2. The relationship between the inquirer and
the subject.
3. The nature of truth statements.
4. Attribution or explanation of action.
5. The role of values in the inquiry.
These may be applied to Paradigms 1 and 2 as shown in Table 3;
it is worthwhile briefly discussing these axioms since, through
them it is possible to justify the applicability of one or other
of the two modes. (see p31)
3.4.3.1 The nature of reality.
In the rationalistic version reality is taken to be a singular
tangible reality which can be reduced to independent variables
and process, any of which can be studied independently. Inquiry
can converge on this reality until finally it is predicted and
are
controlled. In the naturalistic approach there~multiple intangible
realities which can only be studied holistically. Any attempt
at fragmentation changes the whole context. Inquiry into such
a mUltiple situation must inevitably diverge, raising more
questions than it answers. Prediction and control are unlikely,
30 3' 12
""""'"~ ~ coQ'\~ ....:;i -
~~
0:
~0< o~ !Cl) Q)!C E-- 8 ....c.:a .... ~~ ~ .... 0: 0-0 :>8
~ ~~
0HO< .... 0< c,ra.. ~f:: ~~0 ~ ~i "t:788 f::~ 01 01 c:::c.:a 1-4~ Z (1J~ ~~ ~~ >t >c.:a>t
~ ~t: ~E-- ~o: ~ 0: 1-001 01 1-4 ....0 Q)
~ ~ .L:I~.~
e"
e
0
1-0
I.I-i
.._"
z ~ (I)erg 0 ~ .... 0().... 0< re .~01
~
....
~
41 "t:7H
ffi fn en (1JZ 8 :;:I ...is 0: .... fn roc.:a ~ £-< ~ 111 0-~ fn Cl) 41s .... rg :;:I ..c::0' u01 .,..( Mc::: ro..c:u Q)
41 (I)
+I Cl)M
W 00 ~
en ~
'8 Cl)..c: ..c::
+I ~
41 ~e 0
c: (I).,..(.., Cl)
>- ~ E
M
0 0 :;:I
0 0 >- fi1 ~:: 8 ~ (1JE-- Cl) .... III Cl)~ 0: 0: ~raJ 0 c.:a
~
Cl)
~ ..
U c.:a
i
N
~
...J
CQ
<
E-<
~ :>I.LSI'lOH .LSINO I .L.:>nQ:nI....
-era..
0
0: 3AI.LdIll:>SaO 3J\I.LdI~:::>S:.nfde~~
oe"e" :>I.LSI'lWn.LYN TU'.LN3WI }{3c:fX3raJraJH
Cl)fooO
O~~ o I.LS I.L}{'1t :>I.U.LN3I:>S
~CI)~
raJ
3~~ 'lVNOIJ..IOW.L NON 'lVNOI.LI<lWJ.
31 3·13
though a measure of understanding is possible. My own inquiry
centres around people's perceptions of a particular feature of
their education. This must clearly be a multivariate
situation, the variables being either so closely interwoven as
to be inseperable or not readily identifiable. Any attempt to
isolate and control variables would mean that individual's
perceptions would have to fit a predetermined experimental
situation, and, I suggest, become distorted in the process.
Although the hope is that some focussing will occur by way of
meta-commentary, this can only be by way of clearer description
and understanding.
Axiom Paradigm 2(Naturalistic)Paradigm l(Rationalistic)*
inter-related
1. Reality
2. Inquirer/
object
relationship
3. Nature of
truth state-
ments
4. Explanation
of action
5. Values
single, tangible, convergent, multiple, intangible,
fragmentable divergent, holistic
independent
context-free generalisations
nomothetic statements
focus on similarities
'real' causes, temporally
precedent or simultaneous
manipulable, probabilistic
value-free
context-bound working
hypotheses - idiographic
statements - focus on
differences
attributional shapers,
interactive feed forward
and feedback non-
manipulative, plausible
value-bound
TABLE 3: Paradigmatic axioms. after Guba and Lincoln (1982), p237
* Footnote:
Guba and Lincoln prefer the term 'rationalistic' rather than 'scientific',
to avoid any consideration that the naturalistic paradigm is inferior
'because of the enormous legitimation accorded to anything scientific in
our culture', and because the term 'scientific' is open to various
interpretations. Both points seem valid to me, and I have therefore
adopted this term in all further discussion of the two paradigms.
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3·4·3·2 The inquirer-object relationship.
In rationalistic inquiry, the inquirer can maintain a distance
between himself and the object of inquiry, although this may
be somewhat difficult when people form the object. The naturalistic
inquirer interacts with the object of inquiry and although this
mutual interaction may prove problematical in certain circumstances,
it forms an inevitable and even essential part of the process.
It is essential therefore that any such interaction is made
explicit.
Any attempt to ascertain what makes the learning of particular
concepts relevant for individuals or groups, must take account
of personal perspectives. The use of methods which isolate
the inquirer would result in the collection of responses to
pre-determined probes. Inevitably, the individual would thus
select a best-fit response. Such a process would lose all the
subtleties and nuances which flow from face-to-face interaction
with the inquirer. As Power (1977) has pointed out such an
interactive process can 'add a long neglected dimension (viz
subjective reality) to research'. In view of the nature of
this inquiry, the naturalistic mode seems more appropriate.
3·4·3·3 The nature of truth statements.
Rationalistic inquiry attempts to provide a nomothetic body
of knowledge, encapsulated in generalisations; that is, truth
statements of enduring value that are context free. This most
frequently requires a search for similarity in data, with
differences being taken as basically uninteresting. The aim
of naturalistic inquiry is to produce an ideographic body of
knowledge. through a series of working hypotheses describing
individual cases. Thus generalisation is rarely possible since
the inquiry is neither time- nor context- free, though cautious
transfer from situation to situation may be possible if temporal
and contextual differences between situations are not high.
Frequently, in such inquiry, differences in data are 8S important
as similarities (sometimes ~ important).
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The concept of relevance in education is frequently used as
if it were a nomothetic generalisation. It must be common
experience, however, that such nomothetic use is a blunt
instrument. Each individual sees relevance from a personal
perspective;groups (e.g. teachers and university examiners;
teachers and parents; teachers and employers) frequently argue
about relevance in the curriculum. It should be noted that
students do not appear in the list of groups above- relevance
overlooked or
mode of inquiry
, help to clarify
the issue of relevance; it would more likely reinforce the 'status
from the student point of view is frequently
ignored. The application of a rationalistic
in such a situation would not, in my opinion
,quo .
3.4.3.4 Explanation of action.
Every action can be explained as the result of some precedent
cause, in the rationalistic mode of inquiry. The cause-effect
relationship, using appropriate methods, can be clearly described
either in functional form, or in some probabilistic manner. The
normal method of inquiry is to demonstrate experimentally that
a change in A produces a particular change in B. Naturalistic
inquiry accepts that, in a poly-variate situation, the best
that can be done is to establish 'plausible inferences about
the patterns and web of such shaping' (Guba and Lincoln op cit).
This implies the use of holistic field studies, so that the
natural context forms part of the inquiry.
It might be possible to design experiments whereby changes
in curriculum material, or changes in teaching techniques could
be assessed for improved relevance. However such an inquiry
would have at least two major problems; on the one hand it would
be a limited study concerning a particular situation: on the
other, there would be little opportunity of assessing relevance
outside that limited context. It would be a context-bound inquiry.
Educational relevance, I suggest. is not context-bound in that
particular sense. Individuals or groups may use their own contexts
in valuing relevance, but these contexts are not necessarily
identical. This implies the need for an holistic method of
inquiry.
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3·4·3·5 Role of values in inquiry.
Rationalistic inquiry claims that one of its major features
is high objectivity. As such its data are value-free in terms
of inquirer-neutrality. In naturalistic inquiry, all data are
value-bound for the following reasons;
a) the inquiry is shaped by the inquirer, whose own values
are involved in framing, bounding and focussing the problem.
b) there are values inherent in the context of the inquiry
relating to human social/behavioural factors.
c) the paradigm selected to guide the inquiry introduces
particular values.
d) the choice of substantive theory and the methods used
in the inquiry introduce particular values.
In attempting to characterise notions of educational relevance,
in however limited a field of education, one task must surely
be to identify and clarify the values which operate, whether
through individuals or groups or organisations. Rationalistic
inquiry would be inappropriate in such a complex and holistic
appreciation.
3.4·4 In reviewing these axiomatic assumptions, the choice
of a naturalistic medium for this study would appear obvious.
The case is further strengthened if one looks more closely at
some of the shortcomings of the rationalistic mode when applied
to educational situations. Parlett and Hamilton (1976) have
spelled out five main areas of difficulty:
1. Educational systems are characterised by numerous parameters.
and hence application of rationalistic methods requires
either randomised large samples or strict control of
parameters. The former requires a major research effort,
whereas the latter (simulating laboratory conditions) 'is
both dubious ethically, and leading to gross administrative
and personal . .,InconvenIence . This according to Parlett
and Hamilton can produce serious artificiality and lead
to irrelevancy, and because the researcher is thinking
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in terms of parameters and factors more than individuals
there is a separation from reality.
2. By definition, parameters are pre-specified. Thus variables
which may emerge during the study are likely to be overlooked.
Also, there is an assumption that parameters do not change
during the process, which, in educational studies. rarely
happens.
3. 'Traditional' methods impose arbitrary and artificial
restrictions on the scope of the study by concentrating
on objectivity, and disregarding 'subjective', 'anecdotal'
or impressionistic' data. Parlett and Hamilton argue that
such disregarded data may be highly important in assessing
the context and value of quantitative data.
4. Large randomised samples cannot reflect small 'local'
differences, which may be important.
5. 'Traditional' methods involve an 'objective truth' equally
relevant to all parties. Such studies thus rarely acknowledge
the diversity and variety of concerns of those involved
in the study.
3·4·5 As pointed out previously (p 27) the nature of the focus:
of this inquiry would, if a rationalistic approach were taken,
confront all the above problems. The choice of a naturalistic
approach seems all the more logical. The previous arguments
concerning such a choice may be neatly summarised diagrammatically,
(Table 4), using as 'co-ordinates' the extent to which the
researcher attempts to control variables, to define an enquiry
'space'. (see p36)
3·4·6 One further assumption that I am making which is involved in
adopting a naturalistic methodology, is that, the dominant
research mode has been that of collecting the relevant facts
and looking for patterns to reveal the laws governing them. As
Pope, Watts and Gilbert (1983) suggest. this is not entirely
surprising since Western educational thinking has been dominated
by a 'cultural transmission' view of the educational process.
y
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Rationalistic
inquiry
Naturalistic
inquiry
HIGH
Degree of control over
precedent (independent)
variables.
TABLE 4 Representation of Inquiry Space after Guba
(1978)
Many of the theories on the nature and development of people,
embedded in this approach, adopt a mechanistic model of human
behaviour. Many researchers have been critical of such an
approach. which assumes an unchanging nature in those being
investigated. and allows the researcher autonomy and rationality,
but denies the same processes in the 'naive' subject [e_g_ Bakan
(1967)], and ignores the importance of interaction between
researcher and subject Rosenthal (1966), Torbert(1981»). The
growing move away from such a model, using alternative methodologies
[see for exam p lee han anan d Del am 0 n t (1 975 ) .she 1d ra ke and Be rr y U9 75 )
Parlett and Hamilton (1972), Laurillard (1979), Zubir (1983),
Watts (1983)] shows increasing regard for the dignity and autonomy
of the research subjects, and aims at an holistic understanding
of human behaviour. and the personal reasons for such behaviour
( Rowan and Reason. 1981). The 'honeymoon' between psychology
and education seems to be at an end (Biggs, 1976), and much of
the recent educational research has used a sociological and
anthropological base, rather than one of psychology. This no
doubt is in response to educators' current scepticism about
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the value of psychological models (Pope and Keen, 1981).
Salmon (1981) has advocated a clear acknowledgement of the
'particular reality of the learner'. Novak (1981) notes that
'ignoring or negating the internal world of people misses
the essence of their personhood, flattens human reality and
leads to educational practices which are mechanistic and lacking
in respect for the basic integrity of the person'.
3.4.7 In also rejecting such deliberate oversight of the internal
world of the individual, my own approach is based on a
constructivist model in psychology, which seems to have much
in common with more sociological approaches, as for example in
ethnomethodology[Garfinkel (1967); Cicourel (1974)], symbolic
interactionism [Mead (1934), Berger and Luckman (1967)] and others.
[A useful summary of other constructivist views in research appears
in Magoon (1977)]. Kelly's(19SS) ideas seem particularly fruitful,
and personal construct psychology based on his original work has
informed this study and is having considerable impact on current
educational practice and research (see for example Britton, 1972;
Nash, 1973; Salmon, 1981; Candy, 1982). Kelly rejected the
absolutists'view of truth and , for him, reality was
personally constructed, and thus an active, creative, rational,
emotional and pragmatic process. He rejected the idea that
knowledge is a growing collection of substantiated facts ('nuggets
of truth') independent of human reconstruction. In setting aside
this 'accumulative fragmentalism'. Kelly assumed
'.... that all of our present interpretations of the universe
are subject to revision or replacement. We have to stand that
there are always some alternative constructions available to
choose among in dealing with the world···· We call this
philosophical position constructiv~ alternativism.'
3.4.8 Further, Kelly suggests that the way scientists perform
science is essentially the same as the way people lead their
normal daily life; both are viewed as engaged in making sense
of their worlds. In order to cope with daily life people develop
systems of 'personal constructs' or hypotheses, which are the
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tools for testing out personal explanations of the world. These
are constantly revised should they prove useful in giving meaning
to experience. This 'constructive alternativism' shows some
striking resmblances to those philosophies of science which
developed in the 60's and 70's and which have seriously questioned
the dominant 'objective' vision of science [see Polanyi (1958);
Popper (1963); Kuhn (1970); Lakatos (1970); Feyerabend (1975);
Ziman (1978)].
In terms of this study, the constructivist view of knowledge
implies a concern for personal views. As Kelly (1969) suggested,
the
'ultimate explanation of human behaviour lies in examining
man's undertakings, the questions he asks, the lines of inquiry
he initiates, the strategies he employs rather than analysing
the logical pattern and impact of the event with which he
collides. '
This lies within the tradition of the 'verstehen' approach rather
than the 'erklaren' - a central tenet is thus the importance of
coming to an understanding of the view that people have of the
world, from their particular situation. Personal construct
psychology thus provides theoretical support for the s~dy of
the individual and the views of those involved in a particular
educational issue. Further, it has considerable congruence
with modern philosophies of science, which provides a bridge
between science and education when the issue studied relates
to science education.
3'4'9 In this chapter, I have argued my reasons for adopting
a naturalistic mode of inquiry. This choice is not without its
problems, and these - together with a discussion of the research
strategy adopted - form the basis of the next chapter. It has
been difficult not to paint a picture of a choice between opposites.
From my own conviction, I do not believe this to be the situation.
Cook and Reichardt (1979) have argued forcefully that qualitative
and quantitative approaches are not incompatible either
operationally or paradigmatically, and object to the stereotyping
of research and researchers as either
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naturalistic
subjective
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obtrusive
objective
deductive
particularistic.
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qualitative
quantitative
Whilst agreeing with Kushner and Norris (1981) that 'we should
be wary of seeing them as compatible, or even complimentary,
forms of inquiry', it is also true that
'without science we lose our credibility. Without humanity,
we lose our ability to understand others.'
Agar (1980) p13
3·4·10 It is I think, the very issue of 'credibility' which
is the greatest problem for the naturalistic researcher, since
that will have implications for the shape or design the inquiry
is given. It is my belief that, given adequate credibility,
it is not so much the paradigm of research that is important.
As Broadfoot (1979) has most succinctly put it:
'The crucial distinction···· is that between a positivist
and a relativist view of the educational enterprise'"
fundamentally it emphasises the problematic nature of education
itself. The distinction is essentially that between regarding
the concept of what it is to be 'educated' as a fixed and
immutable absolute - a philosophical concept of the Hirst
and Peters variety - and regarding 'education' as a social
process with important political, economic and socialising
functions which therefore varies from time to time and from
society to society.'
* * *
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Chapter Four
From paradigm to process.
In which the overall process for this study
within the chosen paradigm is discussed.
4·1 Paradigm to procedure
4·2 Design features
4·3 A structure for the inquiry
4·4 Models compared
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CHAPTER FOUR.
4_ FROM PARADIGM TO PROCESS.
, Enough to reach the ground, as Lincoln
said when asked about the proper length
of a man's legs.'
quoted in Miles and Huberman
(1984) p28
* * *
4-1 Paradigm to procedure.
4'1-1 My research procedures, and their design, follow a
pattern which is both in agreement and in conflict with ideas
expressed in the literature. Perhaps almost by definition,
no one approach to naturalistic research will provide a model
procedure. Interest in this style of educational research is
certainly growing, not only in the U.K. As Terhart has
pointed out in his review of the West German situation:
'although a growing number of scientists are convinced of
the interpretative approach (i.e. qualitative), we are still
lacking a 'box of tools', that means, the lack of adequate
research instruments for practising this methodological
paradigm. ' quoted in Pope (1981) pIS
(words in brackets mine)
Terhart was not completely happy with his own words; he felt
the phrase 'box of tools' might not be totally appropriate,
since there could not be a standardised prescription for
interpretative research. I share with Terhart the conviction
that we need a repertoire of approaches that are consistent
with the underlying philosophy of naturalistic study. The
accumulation of such a repertoire requires that researchers
make very explicit exactly what they have done and why. It
is for this reason that I have devoted a considerable portion
of this chapter to discussing those factors influencing my own
procedures.
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4'1'2 The classical model of educational research borrows three
criteria from the rationalistic research paradigm; validity,
reliability and replicability. These concepts are clearly
useful in assessing the ,value of particular test instruments
relating to quantitative data. Whether the test measures what
it is intended to measure (validity); will measure the same
thing at different times (reliability); or is capable of
repetition in the same sort of situation but by a number of
different researchers (replicability), affects the credence
one can put in the test results. The temptation to 'borrow'
these concepts to provide authenticity for this study has
firmly been resisted. The need for credibility remains, but
not based on the same tenets and axioms as rationalistic inquiry.
I would argue that a validation process which implies measurement
of a clearly identified (or identifiable) variable is not
relevant to the majority of techniques used in naturalistic
research. It is unlikely that the researcher will find identical
natural situations for inspection over a period of time, given
the unpredictability of the human element [ see Stenhouse (1981)
p 21 l. Reliability thus is not really a compatible concept.
Further, the necessarily interactive nature of naturalistic
research has two particular effects which affect the notion
of replicability:-
a) different researchers will bring different personalities
to bear , providing uniquely different interactions;
b) the interactive process is in itself educative, and thus
produces an element of change in those involved (see 5'2·6).
4'1'3 The chances of reproducing a particular inquiry to any
great extent seem remote. Any attempt to apply these three
concepts equally to both paradigms suggests that the paradigms
share the same axioms, a view which to my mind is equally as
false as its opposite assumption, namely that the quantitative
approach 'is the mirror opposite' of qualitative methods (Rist
1977). Several writers have discussed the problems arising
in attempting to apply these psychometric criteria to naturalistic
studies [e.g. Sheldrake and Berry (1975), Giorgi (1975),
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Rist (1977), Guba (1978), West ( 1979), Entwistle and Hounsell
(1979), Kushner and Norris (1980), Walker (1980), Reason (1981),
Guba and Lincoln (1982), Terhardt (1982, 1983)]. It is clear,
as Guba and Lincoln (1982) have pointed out, that the
'trustworthiness' of naturalistic inquiry should be checked by
appropriate criteria. They have suggested that the inquirer
should consider four questions:
1. How can one establish confidence in the 'truth' of
the findings?
2. How can one determine the extent to which the findings
may be applicable in other contexts?
3. Is it possible to determine whether the findings would
be consistently repeated if the inquiry were conducted
in the same or similar circumstances?
4. How far are the findings a function solely of the
respondents and the conditions of the inquiry (as opposed
to the biases of the inquirer )?
These, they claim. are the four criteria which any naturalistic5~
must recognise, and which they term:
1. Credibility
2. Transferability
3. Dependability
4. Confirmability
4'1·4 However expressed, the need for authenticity cannot be
ignored. In this inquiry, I am looking for 'truth' by observing
and describing reality, and hence relying heavily on 'face
validity' - 'the judgement that the results ~ to fit the
reality' [Walker (1980)] - a characteristic which provides
problems of acceptability when different audiences are involved.
As Walker points out:
'Descriptive accounts'" may be accepted as true by pr4't~~~&rs,
but they are not likely to create appropriate and convincing
bases for policy or decision making. The problem seems to
be that such descriptive accounts are highly persuasive to
a primary audience, but not to secondary audiences.'
This 'secondary audience' effect may be due to a low 'indexicality'
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[ Agar (1980)], (the amount of shared background knowledge
necessary for understanding when two parties are attempting
to communicate) - another good reason for making explicit the
background to research decisions.
The need to meet criteria for credibility and wide acceptability,
has thus influenced the design of this study.
4·1·5 It has been argued that, without explicit methodological
development there is the danger that we may be
'doomed to a future as mediocre poets or
amateur experimentalists.'
Agar (1980) p ix
To avoid such a fate, I believe it is necessary not only to
be explicit about the selection of procedures used in the
design of an inquiry. I would argue further that the 'research
subjects' - or preferably the research participants - should
be given every opportunity to negotiate the values and meanings
generated in their statements at interview, etc. This becomes
more than a matter of the data being believable and acceptable
to researcher and researched alike. As Kushner and Norris (1980),
Walker (op cit) point out, this also relates to the creation
of a 'democratic' ethic in the inquiry, whereby trust is built
up between the participants. Any case-study (such as this)
is heavily dependent on personal trust, but such a relationship
should be enhanced by 'holding strongly to a carefully formulated
ethic.'
'The trust we seek depends on generating a style of educational
research in which methods and procedures are explicit and
visible. We are interested in attempting to play down the
personal expertise of the researcher in order to enhance his
professionalism. -Just as people will put trust in a doctor,
or policeman'·' so we believe it should be possible for the
educational case-study worker to establish a similar identity .
•.•• the gain could be that case-study research will gain in
credibility and begin to be used more effectively by educational
practitioners. '
(Walker 1980)
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4·2
4·2·1
Design features.
How 'tight' therefore, should the design of this inquiry
be? Is it necessary to start with an explicit conceptual
framework? Should one begin with research questions? Should
data collection procedures be decided on first? To some extent
the answers to these questions depend on the perspective of
the study. In an exploratory inquiry 'tight design' can be
kept to a minimum, since social realities may be taken to be
too complex to respond to pre-structuring and standardised
instruments. Hence a 'loose' emergent, inductively 'grounded'
approach is useful:
'The conceptual framework should emerge empirically from
the field in the course of the study; the most important
research questions will become clear only later on: the most
meaningful settings and actors cannot be predicted prior to
fieldwork; instruments, if any, should derive from the
properties of the setting and from the ways its actors
contrive them.'
Miles and Huberman (1984) p25
However, qualitative research may also be used for confirmatory
studies when concerned with some better understood social
phenomenon. This would be true of a study based on a particular
point emerging from a broader study. In such confirmatory
cases there may well be some pre-structuring of the conceptual
framework and some pre-determined notion of the appropriate
methods to use. This can involve the use of more quantitative
methods within a naturalistic framework - an instance perhaps
where 'paradigmatic incompatibility' should be questioned?
(see 3·4·9).
4·2·2 In practice, the design difference between an exploratory
and a confirmatory inquiry appears to rest with the degree of
'focussing' that is involved. It would seem from the literature
that many naturalistic studies progress from loosely focussed
exploratory inquiry to a more tightly focussed form of
confirmatory inquiry. A frequent pattern is the use of a pilot
study, followed by a developmental phase, and then some form
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of triangulation process.
At the early stages of an inquiry, 'parameters' are frequently
not known to any great extent, and thus choice of specific
methods is 'open'. As the extent of focussing increases with
the development of conceptual frameworks, some choice of
procedure becomes logical. As Agar (1980) has suggested:
'The strategy is to selectively narrow the focus within a
previously explored broad field···· the 'funnel approach' p8
The implication of the'funne1 approach' is that data collection
and data analysis should have a concurrence that will inform
the development of the inquiry. The processes of collection
and analysis should form a dialectic, and not be linear. As
the focussing and bounding develops, a useful 'anticipatory
data reduction' [ Miles and Huberman (1984)] can occur - a
form of pre-analysis which may then provide a basis for
decisions on further inquiry. The 'looser' the initial design,
the less selective will be the collection of data, which brings
us back to the question, to what extent should the inquiry be
pre-structured? Miles and Huberman's answer to this question
is given in the quotation heading this chapter!
4·2·3 Nevertheless, initially the question which demands an
unambiguous answer is 'how do you get the data?' Case study
procedures were chosen for this inquiry because they were seen
to provide adequate opportunity to meet Guba and Lincoln's
(1982) criteria, could be reported in a way which enhanced
acceptability and were flexible enough to allow for both
exploratory and confirmatory study. Additionally, and at
least as importantly, such procedures were seen to match the
nature of the questions I was asking.
This study is an attempt to 'understand and document'[Parlett
(1974)] perceptions held by people in a context. The research
is thus grounded in a real situation, an approach which Parlett
described as 'illuminative'. Further it is ideographic in its
attempts to describes the perspectives individuals have of a
situation which indicates a phenomenological approach within
case-study [Giorgi (1975)]. Walker(1980) defines case-study
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as 'the examination of an instance in action. The study of
particular incidents and events, and the selective collection
of information on biography, personality, intentions and values,
allows the case-study writer to capture and portray those
elements of a situation that give its meaning.' Nisbet and
Watt (1978), make the point that case-study 'is more than just
an extended example or an anecdote interestingly narrated'
since it is systematic and concerned essentially with interactions.
The 'instance' in action 'may be an event or a person or a
group, a school or an institution, or an innovation', etc.
Walker has a succinct discussion of the pros and cons of case-
study. The use of a case-study technique is supported by
MacDonald and Walker's (1978) claim that the method 'gives
weight into specific instances, events or situations' which
enable the researcher to describe participants' experiences
as they relate to their own circumstances, concerns and
preferences'. Hodgson (1980) also suggests six reasons for
adopting case-study [based on the propositions of Adelman,
Jenkins and Kemmis (1976)]:-
a) Case-study is strong in reality: the reader can thus use
the same processes of judgement used to understand everyday
life.
b) Case-study allows generalisations, either about instances
or from an instance to a class.
c) Case-study recognises the complexities and discrepancies
contained in and between participants' viewpoints.
d) Case-study provides a rich descriptive data source for
other researchers.
e) Case-study occurs in a world of action and may contribute
to it.
f) Case-study at its best allows the reader to judge the
implications for himself.
In terms of this inquiry, therefore, a case-study approach
would appear to be an attractive and powerful tool.
4'2·4 The problem of credibility still features strongly:
'The very sensitivity and flexibility which are the essence
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of illuminative research are also its Achilles heel. The
insights which emerge from qualitative research reports can,
appear too much the product of the researcher s personal
perspective and of the idiosyncracies of the specific
situations examined.····But good qualitative research can,
through cross checking of interpretations and through an
awareness of its limitations, provide evidence as strong in
its own way as that derived from conventional approaches.'
[Entwistle and Hounsell (1979)] p61
The allusion to 'cross checking' raises the need to adopt more
than one method within the overall strategy, or to use Denzin's
(1978) terminology, 'between method triangulation'. This
involves the selection of two or more different methods of
data collection, and applying them to the same research
situation, involving
'a complex process of playing each method off against the
other so as to maximise the validity of field efforts.'
Denzin (1978) p304
4·2·5 Other researchers have also pointed to the value of
using different but compatible methods in order to increase
credibility [Sheldrake and Berry(1975); West(1979); Entwistle
and Hounsell(1979)], in some cases echoing Cook and Reichardt's
(1979) rejection of the incompatibility of the 'two paradigms'.
The choice of triangulation in this study has been guided by
Denzin's four principles:
a) the methods must fit the problem being researched.
b) the methods that are combined should reduce as far as
possible 'threats to internal and external validity.'
c) the methods chosen must have theoretical relevance to
the field of study, to 'maximise the theoretical value' of
the study.
d) no investigation is static; to use Denzin's words:
'Researchers must be ready to alter lines of action, change
methods, reconceptualise problems and even start over again
if necessary.' (p304)
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4'2·6 Nisbett and Watt (1978) have also commented on the
importance of a readiness to accept the unexpected. They
claim that a major strength of the case-study approach is the
capacity to take into account the 'uncontrolled variables,
those aspects of a situation - often important ones - which
you have not clearly forseen'[see also Dearden and Laurillard
(1977)]. Nisbet and Watt conclude that case-study should
follow a phased design, to allow scope for amendment:
Phase one: open phase: a general review without judgement.
Phase two: focussing: identifying important aspects for
closer consideration.
Phase three: draft interpretation: a committment of ideas
to paper.
Phase four: check: refer the interpretation to the
participants for constructive criticism; then publish
the final form.
4·3 A structure for the inquiry.
4·3,1 The main approaches that appear to be in common use in
case-study design are:
a) Observation, either as a passive or a participant observer.
b) Interview, with approaches ranging from open to completely
structured, and either for individuals or groups.
c) Document review, involving important official statements
of policy, opinion and attitudes etc., bearing on the focus
of the study.
d) Survey techniques, involving large numbers of participants
who may be questioned or interviewed by a large number of
researchers.
e) Questionaires, involving either open- or structured-
response questions (or a mixture) which relate to some pre-
defined conceptual framework.
f) Records search, which may involve pictorial (film) as
well as written records.
This study began with a fairly clearly defined purpose - to
determine what were the perceptions of science held by
practising scientists. As a researcher working on the project
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in his 'spare-time' (having other full-time employment) any
survey method was out of the question, even if relevant.
Further, survey questionnaires in general provide a vcry
structured response, which was felt inappropriate at this stage.
Record and document searches could well provide useful information,
but not of individual's perceptions, and initially it was not
clear which areas for review would be most fruitful. Thus
the interview technique was chosen as the primary technique
for data collection.
4·3·2 This raised the problems of deciding who to interview,
and how to arrange access for interview, difficulties of a
different order from deciding which format the interviews
should take. These points are discussed in detail in Chapter 5.
In discussing the design of this study, it is only necessary
here to record that it was decided that the interviews should
follow a semi-structured format, and that a limited number
should be undertaken as an Initial Phase(IP). The reasons
for these decisions lay in the degree of focussing that already
existed in the inquiry (being confined to perceptions of two
conceptual areas of chemistry), and a perceived need to 'probe'
the problem area before deciding on further action. To some
extent, also, the availability of 'personal time' was a factor;
as a part-time researcher, I was not in a position to evolve
an intensive period of inquiry. It is worth recording at this
point however, that all the literature reviewed in connection
with methodology related to this study, appears to assume that
the researcher is employed full-time as such! In its origins,
therefore, this study had a fairly strong degree of pre-
structuring and focussing, despite the fact that it was
exploratory in character.
4·3·3 The analysis of the IP interviews proved to be highly
significant. The conceptual framework that emerged (see 6·3)
provided a tentative model for thinking strategies associated
with the chemistry in question.
51 4'11
INITIAL
PHASE {Five semi-struetur! lntervlews
ANALYSIS
~
Conceptual
framework 'Thinking
strategy'
model
ed
DIAGRAM 3: Structure of the Initial Phase.
Certain features of this model, in juxtaposition with other
features of the interviews (for example statements concerning
Higher Education, responses to deeper probing concerning
chemical practice), proved to be the catalyst for a major shift
in the focus of the study, towards attempting a characterisation
of the notion of educational relevance (see Chapter 6). It
might be argued therefore that the IP interviews stand apart
from the rest of the inquiry. My own opinion is that they do
not. This 'catalytic' effect is an excellent example of the
dialectic character of naturalistic research, and the importance
of a readiness to 'reconceptualise problems' (see 4·2·5).
4'3·4 On the basis of the Initial Phase it was decided to
widen the sample of interviewees (Extended Phase - EP), still
using the semi-structured interview and the conceptual frame-
work evolved. At the same time, a clear line of document
inquiry had opened up in the area of 'education relevance'.
Analysis of these E.P. interviews provided the grounds for
the development of a model of 'perceptual space' for the
chemical concepts involved, as well as containing some
interesting data concerning educational relevance.
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DIAGRAM 4: Development of study.
The documentary review provided the basis for a triadic model
of educational relevance, and allowed a map of possible
relationships between the three models to be evolved(discussed
in Chapter 9).
4·3·5 Whilst the procedure adopted for the interviews allows
negotiation with the interviewee, and hence provides some
degree of credibility for such data, much of the other
development of the study could easily be taken as 'speculation'.
Thus it was at this stage that 'between method triangulation'
[Denzin (1978)] was undertaken, using a confirmatory questionnaire
(discussed in more detail in Chapter 9).
With the analysis of the exploratory and confirmatory inquiries
complete, the implications of the study could then be reviewed
(see Diagram 5, pS3).
4·4 Models compared.
4·4·1 As suggested at the beginning of this chapter, the
procedural pattern adopted has not been totally in agreement
with other 'models' suggested in the literature. Agar's
'funnel approach' requires a broad based open inquiry which
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DIAGRAM 5: Study design including between method triangulation.
progressively focusses on matters of interest arising. The
focussing leads to a conceptual framework, which can then be
reflected back on the original base, as well as being applied
to new instances. The information gained leads to further
focussing and eventually to generalisation. This might be
represented diagrammatically thus:-
CONCEPTUAL
FRAMEWORK
etc
A
;'oP'Etf'j NTENtYO'NS": --- CONGRUENCE -- .....
t. • ••••••• • • • •• ••• ••••• •••• ~ _
DIAGRAM 6: Funnel Approach - after Agar 1980.
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4·4·2 My inquiry began with a strongly focussed study due to
clearly defined initial intentions. The outcome of this
initial phase was not only a conceptual framework to inform
further development, but a redefinition of intentions. In
terms of the 'funnel approach' this might be described
diagrammatically as follows:
CONCEPTUAL
FRAMEWORK
REDEFINED
INTENTIONS
DEFINED
INTENTIONS strong
t
congruence
etc
Weak congruence ......t
DIAGRAM 7: Inquiry defined in Agar's terms.
4·4·3 The comparison of the procedures adopted in this inquiry
with the 'funnel' model should not be taken too far. The
value of the 'progressive focussing' approach is nicely
demonstrated, particularly since it seems to be effective
with both open and defined initial intentions; but I repeat
my reservations concerning prescriptions for naturalistic
research (see p42) .
Miles and Huberman (see p47) have suggested that exploratory
inquiries should adopt a 'loose' design, and move to a
'tighter' model as more confirmatory aspects are involved.
This inquiry began with an attempt to explore people's
perspectives of certain concepts, using -I believe quite
appropriately - a 'tight' procedure. It has continued in a
55 4· 15
similar vein, through to the confirmatory triangulation.
Nisbet and Watt (see p49 ) offer a phased procedure for case-
study, and here again it is the open phase that brings
divergence from my own procedures.
4·4·4 I would suggest that it is the nature of this particular
inquiry which is at the root of the differences rather than
any 'methodological inexactitude'. Each particular inquiry
demands a particular process, generated as the work progresses.
Broad ethnographic studies demand broad initial procedures.
Research having more clearly defined objectives begins with
a more focussed baseline, as, for example, with illuminative
evaluation of curriculum innovation. Further, as both Denzin
and Nisbet and Watt have pointed out, the researcher must be
ready to 'alter lines of action' and even 'reconceptualise
the problem'. The process by which this occurred in my inquiry
is detailed in the next chapter.
* * *
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Chapter Five
The Interview Programme.
In which the approach to research interviewing throughout
a phased programme is developed, and the techniques of
analysis used in the inquiry described.
5·1 A phased programme
5·2 A trial interview
5·3 The research interview
5·4 Modus operandi
5·5 Editing and analysis.
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CHAPTER FIVE.
5' THE INTERVIEW PROGRAMME.
'And thus do we of wisdom, and of reach with
windlasses, and with assays of bias, by
indirections find directions out.'
* *
Polonius: Hamlett II.i
line 66
(W.Shakespeare).
*
5'1 A phased programme.
5·1'1 As explained in 2·6, I have confined myself to the
conceptual areas of chemical kinetics and chemical equilibrium,
and in particular to practitioners' perceptions of these
focal concepts. The chosen technique has been the research
interview (4'3'1). During my educational career, particularly
when acting as an Admissions Officer, I had gathered considerable
experience as an interviewer. The research interview, however,
seemed to be a different operation altogether from the under-
graduate applicant situation in which I was judge over
performance and achievement - a strongly normative function.
To obtain the sort of information that would be acceptable as
research data in this inquiry, my relationship wit~ the inter-
viewee would have to be somewhat different. Parlett (1978)
has stated that:
'Interviewing is an art form as well as a research
technique. It is a mode of communication between two
individuals···· and it falls between conversation
(undirected, very informal, open, rambling) and
iaterrogation (highly structured, information producing,
control vested in the hands of the interrogator, often
pre-ordained or worked out"in advance, clear direction).
There is no degree of structure which is correct, in an
absolute sense, without careful regard to the nature of
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the study and what kinds of information and degree of
detail are required from this portion of the investigation.
The important thing is to judge appropriateness.'
(p4)
5·1·2 The strong initial focussing of the interviews, and my
lack of experience in the techniques demanded, was a major
consideration in adopting the phased procedures already
described(4·3·2). It was thought that the Initial Phase (IP)
of interviews would allow a preliminary analysis which might
inform an Extended Phase (EP) in two ways:
a) by establishing some form of conceptual framework for
the EP interviews.
b) by enabling some judgement of 'appropriateness' of my
interview technique for the EP interviews.
5·1·3 Additionally, a Trial Interview was undertaken before
the IP interviews, to gain some experience of the 'art'.
Thus the interview programme followed the sequence:
Trial IP EP~ ~
Interview - Interviews , Interviews
In describing the interviews according to this sequence, there
is a danger that the integral nature of the interviewing
programme may be lost. However, the advantages gained in
highlighting important developments as the study progressed
do, I believe, make the risk worthwhile.
5·2 A Trial Interview.
5·2·1 An interview was arranged with a chemistry teaching
colleague at Roehampton Institute. It seemed appropriate to
structure the interview to some extent, given the intention
to elicit information about perceptions of the focal concepts.
At this time no consideration was given to taking a theoretical
stance on the choice of interview method, my decision being
guided as much by intuition as experience. A list of
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structuring questions was drawn up and typed out on a card
for easy reference, and the interview audio-recorded in my
own study in the Department of Sciences. Video-recording was
considered, but was rejected on the basis of organisational
difficulty. At that time, it would have been necessary
(institutional regulation) to have had a technician present,
and I was not happy with the impact this might have on either
the interviewee or myself! Additionally, transcription would
have presented major difficulties in technique, which did not
seem warranted in terms of the data being sought.
The structuring questions used were:
1· Where did you study Chemistry?
2· Which chemical topics interest you most?
3· Which do you think are the main concepts within the
area of reaction kinetics?
4· Which do you think are the main concepts within the
area of chemical equilibrium?
5· Do you see any link between these two areas of
Chemistry?
6. How do you think these areas should be taught?
5.2.2 In the event, the 45 minute interview proved, by mutual
consent, to be both enjoyable and significant. Important
points became obvious upon reflection:-
(a) The question of confidentiality arose, when it became
clear that there was some concern on the part of the
interviewee on two counts:
i) would the interview become public kno~ledge, attributable
to him; and in consequence
ii) how 'open' could the interviewee be in responding to
questions?
A note was made to raise this point before all future
interviews, and a protocol adopted requiring that all matters
relating to and including the interview should be under a
cloak of 'research confidentiality'. Nothing should be
quoted in articles, journals etc., without prior permission
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having been obtained.
b) The structuring questions could be as much of a hindrance
as a help. To maintain 'flow', areas of information not
directly embraced by the questions, were revealed. These
areas in themselves were of interest, and a potential
strategy seemed to emerge of 'indirect questioning' - i.e.,
the use of a related question to 'attack' a particular point
without directly confronting that point.
5'2·3 The following extract makes this latter point clear;
we had been discussing matters arising from the first structuring
question, 'Where did you study Chemistry?'
9·1 Where did your crystallography interest come from?
9'A It····it was pure accident. I was put right off crystallography
by [--------J College, perhaps unfairly but the regime that was
operated there was extr···· was very strict - - - - but also it wasn't
taught very well - but at 1ea:stI didn't think it was taught very
well, and I took the M.Sc in Crystallography [--------J because of
a chain of circumstances ----
[excerpt from TR (transcript),
lines 48-55]
A's comment continues to be critical of experience in Higher
Education. Here, clear attitudinal statements are being made
which are obviously important to the interviewee in representing
perceived influences on career progress. The Interviewer's
question was not directly framed to elicit that information.
5'2·4 The implications of this were seen to twofold:
a) the structuring questions should not be taken as a
straight-jacket; room for manoeuvre around the questions
could be productive, and provide a basis for further probes
in different but related directions.
b) data analysis would have to accept 'off-line' comment,
not just as a plain statement, but embedded in a particular
context.
Why should A feel it necesary to comment on teaching, when
the question did not demand such a response? My question had
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been framed with the intention of probing whether crystallography
was seen to be an interesting field of scientific knowledge.
I would suggest that A's interpretation was slightly different,
involving those positive and negative factors influencing his
choice of crystallography. Differences between interviewer
and interviewee 'meanings' are clearly going to be inevitable,
but these differences can be a rich source information if
some attempt is made 'to recognise' and 'unpack' them. This
point will be taken up again in the discussion of data
analysis (5·5)
5·2·5 Another significant feature to emerge from this 'trial'
interview, was a tendency on ~ part to lapse from being a
probing interviewer, into a more conversational style. It
must be said that I felt more comfortable in the latter style
than the former. The extent to which this resulted from the
interviewer being a colleague, is not clear. A review of the
interview transcript does not reveal any direct evidence of
the change producing difficulties for the interviewee.
5·2·6 During one of the more conversational intervals, a
further interesting point developed. The 'conversation' was
revolving around the importance or otherwise of the interviewee
having advance notice of questions, and so being able to
prepare for the interview:
64 JA: yes···· I think probably if you get the - so to speak-
unrehearsed responses it might be more productive.
65 I: Yes and no···· I'm not exactly trying to catch people unawares
in all this as it were.
65 JA: I think it's a good idea actually. I mean····· this is one
of the - I won't say it's the first time- but there haven't been
many times when I've actually had a conversation with anybody where
we've looked at these sorts of things.
[TRI lines 342-351]
Here, I suggest, is evidence of the interview being more than
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simply data gathering. For the interviewee, it had been an
instructive event. Questioning had brought about an element
of personal reflection that had proved satisfying, had been
valued, and had also restructured some of A's thinking.
5'2'7 In terms of developing a conceptual framework for
kinetics and equilibrium, one interview clearly provides
inadequate data from which to draw inferences. In attempting
to 'read out' the interviewee's perceptions, however, one
difficulty was confronted. The interview had been transcribed
verbatim, with every attempt made to be faithful to the sounds
on tape. The transcript made difficult reading - not through
content, but through disruptions and inarticulations. It was
decided therefore to edit the transcript and cut out the
background 'noise', concentrating on those statements, questions
etc., which related to the concepts involved [a technique used
by Laurillard (1979), but for slightly different reasons].
This raised a further potential problem of biased selection.
The edit was therefore presented to the interviewee, with a
copy of the original transcript, and a request for comment on
the editing. The possibility of negotiating any 'conflict'
was also offered (see 4·1'5). In this case the interviewee
took no exception to the edit, and made clear his pleasure at
being involved in what might termed 'data processing'. He
clearly felt much more secure in the knowledge that his words
were being used as just that - his words. From those words,
a cameo of his perceptions could be drawn; in this case
kinetics lead to reaction mechanisms; equilibrium studies
formed a special case of chemical thermodynamics, with a
deliberate mental separation from kinetics [ 'I seem to
compartmentalise them'(edit 1: line 65)] and a strong tendency
to involve quantitative accuracy through Mathematics [ 'to
get across fairly early on an equation like the Arrhenius
Equation'(edit 1: line 32)].
5'2·8 From this first experience of a res~arch interview,
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certain questions arose which needed attention before under-
taking further interviews:-
a) was this the right type of interview for my purposes;
what other interview approaches were available?
b) what ethical protocol would be suitable in future
interviews, concerning confidentiality?
c) how could I, as interviewer, best use my 'probes' to
promote interviewee confidence and a good flow of
articulate and thoughtful response?
d) how valuable was the 'indirect questioning' approach,
and to what extent could it be premeditated?
e) how much attention should be given to 'off-line' comment
vis-a-vis the stated purpose of this inquiry?
f) to what extent should the product of the interview be
negotiated with the interviewee?
g) to what extent should the data obtained be analysed?
5·3 The Research Interview.
5·3·1 My reading of the relevant literature indicated that
there is no consistent terminology for describing the various
types of research interview. At one extreme, the term 'interview'
may refer to a verbal response to a single question [e.g. Cannell
and Kahn (1968)], whilst at the other, it may refer to an
unstructured and complex exchange between two people discussing
a specific problem [ e.g. Davis(197S)]. Whyte (1960) has a
typology of informal interviews using a dimension of
'directedness' :the least directed being a simple reflection
back of the interviewee's last statement with an invitation
to be more explicit; the most directed being an interviewer's
insistence on concentrating on one topic. Agar (1980) has
distinguished between informal and formal interviews, and his
dichotomy can be characterised thus:
[see over]
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Informal Formal
Structure. by written
questions; questioning
techniques 'built-in'.
No written questions,
but a repertoire of
question asking techniques.
Questioner gives the
interviewer the lead,
and follows his/her ideas.
Questioner controls the
flow and choice of
information.
Need not be an isolated
1 to 1 situation. Is an isolated 1 to 1
situation.
Everything occurring is
negotiable between
questioner and interviewee.
Little or no negotiation
possible.
This dichotomy can thus be seen to relate to a control
dimension. Agar makes clear that it is 'not a neat dichotomy'
since there is a range of possibilities between the extremes.
In effect, the extreme, formal interview becomes a face-to~face
questionnaire, and it is at this end of the 'spectrum' that
we find the survey interview [Brenner (1981)]. Sellitz (1959)
has spelled out the advantages of interviewing (as opposed to
direct questionnaire) among which he includes the importance
of freedom of response, the greater response rate, the increased
flexibility available, and the interviewer's ability to make
some assessment of the validity of responses (ie. not what
people say but how they say it).
5'3'2 Cohen and Manion (1980) indicate that the literature
on the research interview reflects three perspectives, which
in themselves reflect the researcher's philosophical stance
towards issues such as objectivity and methodology. They
describe these as:
a) the interview as a means of information transfer.
'Accurate' data is obtained by the precise application
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of a formal interview which has been designed to reduce
or eliminate bias, cheating and so forth.
b) the interview as a transaction, which has inevitable
bias requiring identification and control.
c) the interview as an encounter, similar to many
encounters in everyday life. In consequence of this the
only valid data is the interview itself, and controls
for bias are not therefore needed.
5·3'3 Konold and Well (1981) adopt a different analysis,
based on the type of comments (probes) the interviewer is
allowed to make. Their 'interview formats' consist of
a) the thinking aloud interview, in which subjects are
given a problem and asked to verbalise their thoughts as
they attempt to solve it. Probing, if used at all, is
generally restricted to encouragement.
b) the in-depth interview, or clinical interview, which
also· involves presenting a problem and requiring a solution.
Probing, however, is much more flexlble, with interviewees
being asked to reflect back, and perhaps being offered
subtle challenges to their thinking. The questioner,
though, should never give evaluative responses, nor
provide hints.
c) the tutorial interview, where the interviewer is
attempting to elicit a correct solution with the minimum
of help. Probes guiding the interviewee towards new
strategies for solution, are permitted.
Though Konold and Wells were mainly concerned with cognitive
development research interviews, there is an element of
generalisability in their analysis, and an important point to
note is their suggestion that a single interview can proceed
through various phases relating to these formats.
5'3'4 A common theme running through all these classifications
is the extent to which an interview is structured, as shown in
Table 5 (see p66).
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My own test interview, by design, fell into the semi-structured
category. Nothing I have read in the literature has made me
think that there is a more appropriate interview style for my
purposes.
5·3·5 The next step was to investigate the most effective
method of conducting this type of interview. Parlett (1978)
has some extremely helpful observations in this respect. He
points out that the advantages or disadvantages of using
structured or unstructured interviews are not only important
in terms of the nature of the inquiry. In his words it 'also
has to do with whether the interviewee feels confident or not',
and that some flexibility of style is important to protect
the relationship between the inquirer and participant. Further.
he spotlights the importance of the 'interaction contract' set
up at the beginning of any 'dyadic transaction and inter-
communication'. He suggest that when two people meet. a whole
series of decisions are made, generally implicitly and
unconsciously about the 'social appropriateness' of certain
kinds of disclosure. It is thus necessary for th~ interviewer
to be aware of the type of interaction contract being set up.
and possibly to intervene to ensure the most helpful situation
pertains. Further advice concerns 'tips of the trade'.
Parlett suggests that whilst there are interviewing strategies
that can be learned, interviewing
'.•. is not a technique that can be 'administered' in a
technical fashion. It is a human interaction and the
personalities of the two individuals are critically
significant to the success of the interview. The rule
is to develop one's style and not to be inhibited from
doing what 'feels right' to you as an individual.'
(pS)
5·3·6 With regard to questioning technique, it is pointed
out that it is not always necessary to ask questions; inquirer's
statements followed by a request for comment also form a
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useful 'probe'. Key questions should be worked out in advance,
and there may be some value in using the same questions with
every interviewee; it can produce more readily comparable data.
Supplementary questions may be used to explore in greater
depth points raised in answer to a key question. Leading
questions should be avoided. Whether questions are open or
closed may determine the nature of the reply, whilst filter
questions are useful to direct the interview on to some other
train of inquiry. The structure of a guestion is also
important in influencing the length of response obtained.
All the above points require some practice and skill. The
most fundamental requisite, however, is 'a capacity genuinely
to listen'. The quality of listening is 'a way of signalling
interest and concern'.
5·3·7 Heron (1975) has discussed some useful 'intervention
strategies' which may be used in interview situations and
elsewhere. In particular his 'eliciting interventions' form
useful guidelines for the interviewer in attempting to obtain
unconstrained responses from the interviewee. These may be
summarised as follows:-
a) Active listening, in which non-verbal communication
plays an important part. The interviewee should not be
given the impression you are searching your mind for the
next question!
b) Reflection, where the inquirer echoes the last few
words spoken by the interviewee, either literally or re-
phrased. This frequently leads to the interviewees
expanding on their previous thoughts.
c) Interviewee centred questioning, inviting the interviewee
to say more about some aspect or idea.
d) Checking for understanding, where the interviewer
summarises a point made by the interviewee, and asks
whether that is a fair reflection of his ideas.
5'3.8 Elliott and Adelman (1975) have suggested seven principles
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of interview procedure, aimed at establishing interview
situations in which the interviewer minimizes the demand for
accountability (ie. requires reasons for conduct) and
encourages and validates a concern for truth. The interviewer:-
'1.···· clearly indicates his belief that the interviewee
is in a position to give an honest account of his actions.
2.···· asks questions which sincerely indicate a willing-
ness to increase his own understanding.
3.· ... refrains from utterances which indicate attempts
to elicit a particular interpretation.
4.···· refrains from imposing his own interpretations on
the interviewee.
5.···· refrains from indicating approval or disapproval
of the facts cited in the account as it emerges.
6.···· allows the interviewee's values to determine the
descriptions and explanations he gives.
7.···· respects the integrity of the context by promising
the interviewee complete control over other people's
access to his account.'
The concern behind these principles is an attempt to reduce
the element of subjectivity in the data generated.
5·3·9 It was interesting to note how closely the intuition
and experience used to plan the first interview had matched
many of these points, not only in the structuring but in my
own interview 'technique'. Armed with a renewed confidence
that my approach was justifiable, and with some increased
experience in interviewing through the Research Methods course
(Surrey University), the research interview programme was now
undertaken.
5·4 Modus Operandi.
5·4·1 As a result of the trial interview and literature review,
a model for the full programme of interviews was devised.
The model was not intended as a straight-jacket for the inquiry,
but intended to provide a 'modus operandi'. The model included
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a set of key questions to structure the interviews, but with
a clear note to myself to allow 'space' for some of the
eliciting techniques to be used. In particular, the first
two questions were used as 'relaxers', giving the interviewee
chance to come to terms with the interview situation. From
these questions lines of discourse could be followed and guided
towards the remaining semi-structuring questions.(see Table 6).
1. Where did you study Chemistry? } 'Relaxers'
Semi-Structured Interviews.
Key Questions.
2. Which chemical topics interest you most?
3. Which do you think are the main concepts within reaction Kinetics?
4· Which do you think are the main concepts within chemical equilibrium?
5. Do you see any link between these two areas of Chemistry?
6· What do you see as the main importance of these areas of Chemistry
in industry?
7· How do you think they should be taught?
N.B. Check that the use of the word 'concept' does not provide difficulty:
'ideas' also acceptable.
TABLE 6: Key Questions for research interviews.
5.4.2 The audio-recorded interviews generated using the key
questions were transcribed verbatim by myself, and the
transcipts agreed with the participants before being edited,
as described in 5'5'1. This edit was then also agreed. At
a minimal level this was intended to ensure that the data
were known to the participants; at a maximal level, amplification
and clarification could occur. Overall, the intention was an
increase in authenticity. I believe that such a dialogue
between researcher and participant is fundamental to case-study,
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though I do not totally accept Elliott's (1980) argument that,
once negotiated, the validity of an account has been demonstrated.
Whilst Macdonald(1977) gives some support to Elliott's claim,
Stenhouse (1978) points out that though negotiation may be a
necessary condition for authenticity, it is not in itself
sufficient. All case-study inquiry should also be open to
'public' criticism.(see 6·4'3)
5·4'3 With the agreed transcript and edits available, cameos
of each participant's views were drawn from which patterns,
similarities and differences could be sought. This formed a
basis for analysis in detail. The pre-analysis phase was also
referred back to the participants for comment in order to
further reduce the risk of researcher bias being implicit
rather than explicit. This 'modus operandi' is shown
diagrammatically in Diagram 8.
Participant
Semi-structured 1 2 tc
interview
Agreed transcript
Agreed edit tc
Individual
cameos
ANALYSIS
Diagram 8: Data Erocessing model.
5·5 Editing and analysis.
5'5'1 The editing process had two phases:
a) the elimination of pauses, repetitions, 'ers' and 'urns'
etc.,
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b) the selection of important content (passages, sentences
etc.) which were thought to best represent what the
participant was trying to say[ note: not what the
interviewer was looking for].
The editing was concentrated on statements relating to the
focal concepts, though not restricted to them. An example of
this editing technique is given in Appendix 2 (p A2 ).
Whilst this editing technique sharpened participants' statements
into a more readable and manageable form for analysis, it
also meant a loss of peripheral information (e.g. evidence of
a struggle to remember, or to describe). Thus the edits have
always been read in conjunction with the original transcript,
so that both levels of information have been available during
analysis.
5·5·2 Interview data analysis is not just 'an attractive
nuisance'. [Miles (1979)]; apparently it has been largely
unscripted. Seiber (1976) examined seven 'well respected
texts' on field methods and found less than 5-10% of the pages
devoted to analysis. More recent writing has begun to reverse
this position [Patton(1980); Agar(1980); Guba and Lincoln (1981);
Bogdan and Bilken(1982); Hull(1984); Miles and Huberman(1984)].
Miles and Huberman suggest that attitudes to analysis range
from it being an 'art' involving totally intuitive processes,
through to an almost anarchic position where no 'robust
methodology is needed' since there is no social reality 'out
there' to be accounted for [see also Dreitzel(1970)]. When
we consider, however, that the data to be analysed is verbal,
not numerical, then some form of processing must be undertaken
if any 'account' is to be given. Agar (1980) describes such
a process as
'... the ability to decode rather involved sequences of
verbal and non-verbal behaviour, and then encode our
understanding of the meanings of that sequence into some
utterances to check whether or not we understood what
just occurred. It is in this special sense that I speak
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of giving an account.'
(p 79). (original emphasis)
5'5'3 Agar also points out that the emphasis is on the use
of language as metalanguage:
'.... one of the confusing things about human language
is that it is both object language and metalanguage. As
object language it is part of the flow of behaviour that
occurs as group members do the activities they do, but
is it also metalanguage, used to talk about that flow
An account is given using the group language as meta-
language. '
(p 79). (original emphasis)
One consequence of the transformation from 'object language'
to 'metalanguage' is that the interviewer/analyst cannot avoid
using what Stenhouse (1979) has referred to as the 'second
record' of understanding developed during the interview process,
that is in the (literally) unrecorded understanding gained in
interviewing research participants. Hull (1984) has pointed
out the full significance of this, in suggesting that the
researcher is thus in a privileged position as analyst:
'•.•• these black market understandings put field worker/
analysts in a rather more powerful position than
researchers should perhaps aspire to, since their
interpretations are not accountable to what is available
to others as 'project data' but contingent upon
understandings unique to their participants in the live
situations from which the data are distilled.'
(p 8)
5'5·4 An aim in analysis has been to provide access to
participant's perceptions as voiced at interview, and hence
disclose significances in the transcripts. One level of
negotiation undertaken has thus been to give confidence that the
participants' views ~ reflected in the transcripts. Care
has been taken to avoid undue identification of my views with
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those of the participants through what might be termed 'over-
negotiation'. The level of analysis undertaken however has
gone deeper than this. Using Konold and Well's (1981) ideas,
analysis may be conducted at three levels:
a) Coded analysis, involving the identification of key
elements of interests by specific codes so that presence
or absence of the elements may be rated ('elements' here
could be for example key words or phrases etc).
b) Descriptive analysis, involving a clear restatement
of what the the participants said or did with no inferences
being drawn with regard to reasons or meanings.
c) Interpretative analysis, where inferences are made
about the deep structures of the participants reasoning
or understanding.
In searching for patterns in perceptions, coded analysis would
knot seem toLappropriate, involving as it does rather more
detailed and structural information than required. The mode
adopted therefore has been at both the descriptive and the
interpretative level.
5·5·5 The first step, as already mentioned, has been to fully
transcribe each interview, a difficult task but which enables
the researcher to know the data well. The full transcripts
were then read several times in entirety, before any editing
or negotiation took place. If any transcript revision was
necessary through negotiation this was undertaken at this
stage. Only when the transcripts had been edited and agreed
were they considered for analysis. The view was taken that
whatever the status and structure of the ideas contained in
the data at this point, they were acceptable on the basis of
the integrity of that person [Pettit(1978)]. Further, it was
thought necessary that all statements should be given equal
status, however illogical or inconsistent they may have seemed
when compared with other statements by the same person, and
taken seriously unless the content made it clear that flippancy
was involved[Sinclair and Coulthard(197S)].
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5·5·6 Analysis was based on three main steps:-
a) The transcripts and edits were read together several
times.
b) 'Significant ideas' were marked, the most important
statements being established with a highlighter pen.
c) The highlighted statements were cut out and pasted
into files specific to that particular comment.
The IP interviews were dealt with 'en bloc', providing a series
of factors from which a conceptual framework was obtained (see
6'3). Constant cross referencing between these IP interviews
took place, producing a dynamic process.
5·5·7 As the EP interview transcripts came 'on stream' each
was put through a similar process, except that the conceptual
framework derived from the IP interviews was used to inform
this process. Thus, this was not an 'en bloc' analysis;
constant cross referencing took place with all the precedent
interviews (see 4'2'2). In an attempt to avoid overlooking
important but not recurring factors, an 'opposite pole'
strategy was adopted, i'e' searching for high praise comment
to 'balance' high criticism. This repeated combing and cross
referencing produced a series of collected comments relating
to a range of factors - a somewhat different and extended set
than that generated from the IP interviews. Throughout this
whole process, ideas were forming and being modified or
rejected as the data base developed. Only when the last
interview had been assimilated, was it felt right to consider
any inferences in detail (see 6'2). Appendix 3 (p A3 )contains
the complete data-base from the analysis process; Appendix 4
(pA4) shows how a transcript was typically marked up during
analysis, prior to 'cutting and pasting'.
5·5·8 Thus, the analysis procedure consisted of three activities:
i) data reduction
ii) data display
iii) data inferencing.
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and thus parallels the process outlined by Miles and Huberman
(1980) and represented in Diagram 9.
Data
reduction
Features
selecting
focussing
simplifying
abstracting
transforming----~------
Significant
Ideas
Data
inferences regularities
patterns
explanations
causal flows
propositions
configurations
DIAGRAM 9: Analysis procedure.
These activities were not linear and discrete, being more
cyclical in nature. As new data became available, differing
ideas and perceptions were evident. The display boxes full
of significant ideas thus were open to change. The categories
finally emerging are shown in Table 7. It will be noted that
not all the categories relate directly to the focal concepts.
This may be an indication of the value of the indirect
questioning technique employed (see 5'2·2). Full discussion
of the inferences drawn from these factors is given in
Chapter 7. (For Table 7 see p77)
5·5'9 In consequence of the trial interview, several questions
were posed concerning the conduct of the research interview
programme (see 5.2.8). I believe that the processes adopted
in the inquiry have answered those questions. The style of
interview has been justified; an ethical protocol has been
adopted (5·2·2a ); the value of indirect questioning techniques
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has been evident; many 'off-line' comments have provided very
useful information; a system for data analysis has been
effectively adopted.
5.5.10 As explained in 4·3·5, the need for triangulation of
methodology to enhance authenticity was recognised.
CODE Description
A Personal attitudes to Equilibrium/Kinetics/Thermodynamics
B Books - importance/influence
C Relationship between focal concepts
E Perspective on equilibrium
El Effect of interview
F Importance of focal concepts
H Personal response to Higher Education
I Industry related experience
K Perspective on Kinetics
L Influences in learning
M Mathematics related factors
N Nature of chemical reaction
P Personal philosophy of science
R Relevance of courses
RC 'Realism' in Chemistry
T Teaching approaches in undergraduate courses
U Choice of undergraduate courses
TABLE 7: Final categories from analysis.
5 • 2 1
The categories which emerged from the analysis (see Table 7),
were therefore used as a basis for the design of a questionnaire,
to be sent to all the interview participants, as well as other
non-interview participants. The rationale, analysis and
outcomes of this questionnaire are reported separately in
Chapter 9
* * *
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Chapter Six
Focussing.
In which the implications of the IP interviews in
focussing the inquiry and informing the interview
sample for the whole inquiry are discussed.
6·1 Research access
6·2 IP interviews
6·3 A conceptual framework
6·4 A new focus
6·5 The research sample
6·6 EP interviews
79 6·1
CHAPTER SIX.
6. FOCUSSING.
'Forward, forward let us range
Let the great world spin for ever down
The ringing grooves of change.'
* *
Alfred Lord Tennyson
Locksley Hall (line 181)
*
6·1 Research Access.
6·1·1 Obtaining access to interviewees is not, in general,
an easy process. Agar (1980) suggests that three things are
required, in some combination or other:-
a) an institutional affiliation in the area of the inquiry.
b) accountability, that is the need for a background
reputation; the 'introduction effect'.
c) a mediating group or person as contact; the 'colleague
effect' .
I have found this to be a very accurate assessment of the
situation during this inquiry. The majority of my interviews
have been arranged using the 'introduction effect', but this
alone would not have sufficed. The status afforded by my
association with the University of Surrey has been particularly
useful in the industrial sector of my programme, whilst my
own career affiliations have helped in the education sector.
Even so, without the third factor, the 'colleague effect',
many of the interviews could not have been arranged. I remain
deeply indebted to those friends and colleagues who have given
their time, and shown enthusiastic interest, in opening doors
into various Companies and Institutions.
6·1·2 The major problem met in seeking access resulted from
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the 'high prestige' situations I was seeking to enter. My
research participants were all busy people undertaking exacting
roles. This led to some difficulty in finding mutually
convenient appointments, and to limited control over the
situation in which interviews were held and recorded.
Negotiation of transcripts and edits has also largely been
confined to correspondence and telephone conversations for
the same reason. The overall time-span of the interview
programme has thus been rather more prolonged than I would
have wished (February 1982-Dec. 1985). I believe this not to
be of great significance in this study in which the temporal
dimension is not critical.
6.1.3 Very few 'sensitive' areas have arisen in gaining access,
and few were expected. However, one point which arose on
several occasions links with the need for a research protocol
on confidentiality (see 5·s·2a) Several industrialists were
concerned to ensure that any research access gained should be
properly used, and not become a medium for what, perhaps rather
dramatically, might be termed 'industrial espionage'.
6·2 IP Interviews.
6·2·1 Access for the IP interviews was obtained through the
kind help of Mr.John Winsor, Education Liaison, BP. Research
Centre, Sunbury. Arrangements were made to interview five
research personal, selected to cover a wide range of function
and experience within the Research Centre (see Table 8, p81)
The choice of participants was very much a matter of
availability, giving me little control beyond stating my
preferred requirements.
6·2·2 The interviews took place in a room adjacent to an
office that was clearly a communications focus. Telephones
rang and a door banged continuously! The acoustics of the room
itself were not good, but there was a convenient conference
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Participant Transcript Type of interview Qualifications Employment Age
Sector
A 1 Trial B.Sc London HE 3
PhD "
B 2 IP B.Sc Glasgow RD 4
PhD "
C 3 IP B.Sc Salford RD 3
PhD Salford
D 4 IP B.Sc VEA RD 4
PhD Camb
E 5 IP B.Sc London RD 3
PhD "
F 6 IP B.Sc London RD 2
N = 6
HE
RD
Higher Education
Research and development
Age sectors 1:
2:
3:
4:
5:
----- 25
26-----35
36-----45
46-----55
56-----65IP
Initial phase
TABLE 8: IP Interviews.
table and comfortable chairs. The ambience for the interviewees
was thus mixed, and several factors might well have influenced
interviewee responses:
i) the formality of the surroundings, and a room which
apparently was unfamiliar to them.
ii) possible irritation with background noise.
iii) unconscious resentment at being withdrawn from their
working surroundings.
Similarly several factors were influencing my own performance:
i) unfamiliarity with the surroundings.
ii) distraction due to background noise.
iii) a consciousness of the 'newness' of such an activity
for me.
82 6·4
6·2'3 The general atmosphere was, however, friendly and
supportive, and there is little evidence of the above factors
being important in the final transcript (except for the
difficulty of hearing the spoken word against background noise
in places). What was important, however, was that I had
clearly been accepted as 'bona fide' . In arranging the
interviews I had made clear my academic status, what my
professional role was, and why I had an interest in talking
to industrial researchers. This I believe to have been an
important factor in producing five effective interviews. One
negative factor was present; three interviews were undertaken
in the morning, two in the afternoon. Fatigue on the
interviewer's part became significant as the day wore on! On
reflection, it was clear that fewer interviews in one day should
be undertaken. It might also have been more suitable to meet
people 'on their own ground'. The 'neutrality' of the interview
venue in this instance might easily have reduced interviewee
confidence. More importantly there was no possibility of
picking up clues about the participants from their 'personal'
surroundings, as occurred in later interviews.
6'2·4 The transcription process proved both lengthy and tedious.
The decision not to use a professional transcription service
was important. The act of transcribing introduced a strong
element of familiarity with the data, and also allowed a
conscious but unwritten pre-analysis to occur. Ideas could
be linked in a way not possible during the interview and points
for referral during negotiation noted. Copies of each tape
were made, as precaution against loss of original data -
although a major lesson learned here involved the accidental
erasure of the majority of TR4, fortunately after transcription.
Once the transcripts had been agreed by the participants each
was edited, and the edit agreed (see 5'5)
6·2·5 The major comment made by the participants on reading
the primary transcripts concerned their apparently inarticulate
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speech.
Thus, an important secondary function of the edit was to
show clearly that the 'inarticulate' quality arose largely
from verbatim transcription. The editing process was the most
dangerous from the point of view of introducing interviewer
bias and prejudice, and hence at this point negotiation was
seen to be particularly important. In practice, very little
adverse comment was received at either level (transcript or
edit), other than error correction and the point about
incoherence mentioned earlier:
'I must admit the form of the transcript took me by surprise.
I did not realise that speech was so incoherent.'
Participant E :
(correspondence).
6·2·6 In one case however the participant commented at length
on the effect of the interview, (factor El, see Table 7, P77 )
which had clearly been disturbing:-
'.•... Such basic chemistry questions that I couldn't answer - it
makes me doubt my abilities to be in science at all.
It did make me ask the question - have I simply a poor memory
or did I never understand the subject?·····'
Participant F :
(correspondence).
Further contact with F remedied the apparent effect on personal
confidence, and gave rise to other comment which proved to be
highly significant at a later analysis stage (see 6·4·4).
6·2·7 With the IP transcripts and edits agreed, analysis was
undertaken, as outlined in 5·5. All the transcripts/edits
were read through several times, and cameos of each individual's
ideas devised. All the scripts were then read through again,
this time alongside the cameos. Notes were made concerning
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those points deemed to be significant - significant, that is,
in terms of the purpose of the interviews (perceptions of
chemical concepts). These factors were then checked with each
transcript/edit in turn to discover the regularity of the
occurrence of the factors. This tabulated information was
then condensed down to a list of interesting points arising.
6·2·8 The cameos for the IP interviews are reproduced here
in full, to demonstrate how this part of the process operated.
The numbers in brackets refer to lines in the edit text.
Participant B, Cameo 2:
Senior research chemist of distinction (RIC Gold medallist); most
senior person interviewed. Started university career studyinR Physics,
then enlisted in Army (World War II). 1945, returned to Glasgow
University and took up second subject (Chemistry); got involved in
hydrocarbon synthesis and catalysis. Very clear about the main ideas
in area of reaction kinetics (5-17), and claims this as the
industrialists' viewpoint. Sees a natural development from thermo-
dynamics -- kinetics, with kinetics as a way of achieving equilibrium
quickly (23-34). Equilibrium quite definitely an affair of energy-
free energy (40-45) and thus a balancing of energy conditions (98)
with rate only important as attainment of equilibrium. Interesting
flicker of a different idea in reference to tback reaction' (55);
also, implies molecular effects (55-85). Discussion of oxidation and
syngas reactions very interesting since rate seen in terms of attain-
ment of equilibrium despite allowing for molecular factors
('inhibition') (95). In searching for equilibrium resorts to
sublimation of ice (140).
Note: i) Takes a thermodynamic overview, but discusses in terms of
competing rates on a molecular basis.
ii) equilibrium determined by conditions (energy) not rate.
iii) Uses a mass thermodynamic model and a micro molecular
model.
Participant C, Cameo 3:
Read an Applied Chemistry degree; research degree was mechanistic/
synthetic study of azido-quinolenes. Never liked kinetics (3);
important in Chemistry (15). Concept of kinetics clearly outlined -
rate constant/order/mechanism - but was less convincing about
equilibrium, referring to lack of interest (45). Interest in
kinetics/equilibrium developed after university experience (55).
Approached equilibrium through mechanism (molecular model) (90-181);
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admits necessity of thermodynamics in the end. Dislikes thermodynamics
due to mathematics involved (140). Refused research grant for this
reason. Prefers thermodynamic approach to that of competing rates,
but seems undecided when talking about teaching (195). Very critical
of university course. Note ease of remembering symbolic information.
Note: i) Claims mechanistic/molecular approach - organic chemist's
viewpoint.
ii) Thermodynamics seen as later stage.
iii) Equilibrium seen as function of mechanism more than energy
conditions.
iv) Rejects competing rates in favour of thermodynamics, but
shows confusion (195).
v) Importance of Chemistry in context.
vi) Rate/kinetics different.
Participant D, Cameo 4:
Fairly traditional Hons. Chern. degree, followed by research in photo-
graphic Chemistry. Move to Cambridge to take Ph.D in organo-metallic
Chemistry. By own admission, more an inorganic than organic chemist.
Wished he knew more about focal concepts, but in general clear about
kinetics [rate/order/pathways, e.g. SNt, SN2 etc.] (25) and
equilibrium [thermodynamic measurement in energy terms]. Viewed
reactions in general as being open-ended, and did not like competitive
rates idea (55). Kinetics and equilibrium very clearly separated
with equilibrium as a theoretical position determined by thermodynamics.
Was uncomfortable with reversibility, since rare - most reactions on
a spectrum of equilibrium positions (135). Nature of equilibrium
clearly seen as dynamic (gave Physics example) but talked of it in
static terms. Regrets little use made of university course, and was
very defensive. Seemed far more interested in the possibility of
reaction than the process of reaction.
Note: i) Equilibrium energy-controlled and all reactions have an
equilibrium.
ii) Kinetics: related to molecular change, can be used to
achieve equilibrium more quickly.
Participant E, Cameo 5:
After an Hons. Chemistry degree, undertook research in inorganic stereo-
chemistry for doctorate. Led to current interest in solid state
chemistry. Before moving to industrial research, was university
lecturer for two years. 'Change' was the most important factor for
him. Wide range of ideas associated with kinetics[reactants/products -
pathways - how fast? - mechanism? - intermediate compounds -
experimental techniques - quantification - mathematical models - uses].
Equilibrium seen through 'change' also, via Le Chatelier's Principle.(45).
'Competing rates' was acceptable for school teaching since it
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particularly stressed dynamic equilibrium. Higher education required
more ~igorous treatments. Thermodynamics nothing to do with kinetics
(68). Thermodynamics seen as the 'ultimate principle' (81) and the
main starting point for undergraduate physical Chemistry. Statistical
thermodynamics will allow derivation of all other points [ echoes A;
Cameo 1]*. Interesting comment on the idea of 'working Hypotheses'
(28-40), mathematics (5-10), and utility (20).
Note: i) Thermodynamics an over-arching principle, related to 'change'.
ii) Strong claim to importance of rigour in higher education;
this apparently related to theoretical explanations.
Participant F, Cameo 6:
Has a degree in Biology and Chemistry, but no higher degree. Sees
herself as a biochemist by training with a strong preference for
Biology, but read Chemistry on the basis of its greater employment
value. Worked for a while as research chemist and then market
research in cosmetics and toiletries. Now researching in surface
and colloid Chemistry. Rather confused, and clearly surprised by the
substance of the interview. Some nice comment on energy 'humps' and
diagrams (memory of symbolic learning). Saw kinetics very much as
a matter of 'equations' (Michaelis - Menten ). Equilibrium seen
to be where reaction has gone to completion (65). Thinking oscillated
between static/dynamic equilibrium (85). Found it difficult to talk
about reversibility (105). Physical example of dynamic equilibrium
given (85). If rates of reaction were equal and opposite, equilibrium
obtained; this seen in molecular terms. Talked of degree of reaction
(35-40) and of a 'circular' equilibrium (Krebs Cycle). Thinks kinetics
preceeds equilibrium in terms of understanding, but sees the two as
closely related (145-149). Finds equilibrium easier to understand,
since kinetics dominated by mathematics (165 and 176). Thought she
did not use focal concepts in her work until rate implications of
flotation revealed (203). Most unhappy with university. Must have
'chemical realism' in examples (216), but employed non-chemical
examples herself (127).
Note: i) Strong negative influence from mathematics.
ii) Effect of interview strong. Needed following up.
iii) Strong affinity with molecular modelling for both kinetics
and equilibrium.
6'2'9 Although the IP interviews were structured to focus on
personal perceptions of specific chemical concepts, it is clear
from the cameos that other factors were apparent which could
not be ignored. There was a temptation here to recognise only
those ideas which occurred with greatest regularity. Irrespective
of the small IP sample size, such a move could well ignore quite
-------------------------------------------------------------
* N.B. Not included in this review.
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significant isolated factors, and even obscure the importance
of an idea in some cameos. It is hoped that this has not
influenced the selection of significant points arising from
this analysis, which were seen to be:-
1. An apparent difference in the views held of the focal
concepts. The participants' own interests often formed
a starting point for their discussion of such concepts.
2. There were differing views on whether kinetics and
equilibrium had separate characteristics or not.
3. Memory of diagrams often prompted thinking.
4. Mathematics was an important factor, particularly
with respect to kinetics.
5. This area of Chemistry was not liked in general,
despite its fundamental character.
6· There were strong views about university courses in
this area of Chemistry.
Table 9 (P88 ) gives the details of IP interview analysis.
6·3 A conceptual framework.
6·3·1 When dealing with interview analysis, it is verbal data
that is being reviewed, and as such, extracted generalisations
are frail ghosts of people's ideas. Thus to produce an over-
view, the scripts were revisited and quotations lifted from
the text which seemed best to describe that participant's ideas.
Reading through these quotations generated the idea that two
'models of thinking' embraced the interviewees' perspectives
of the focal concepts, and which provided possible explanation
of the points listed in 6·2·9·above. One, which I have termed
the Noetic Model is a macro-process model involving super-
ordinate and elegant theoretical propositions relating to
energy. The other, termed the Pragmatic Model, is a micro-
process model, involving a strong dependence on molecular
modelling and mechanisms in chemical reaction. Table 10 (p90)
summarises the two thinking strategy models.
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Concepts: Chemical Kenetics/Equilibrium
Noetic Model Pragmatic Model
1. Knowledge unified by super- 1. Knowledge unified by processes
ordinate principles of of chemical interaction.
thermodynamics.
2. Kinetics and equilbria seen 2· Kinetics and equilibria seen
as separate almost to be fundamentally related areas.
isolated areas.
3. Energetic/mathematical 3· Molecular/mechanistic mode.
mode.
4· Intellectual elegance 4· Pra~ical application rated
rated highly. highly.
TABLE 10: Thinking strategy models.
The models are not mutually exclusive; the interviewees not
only used different models as individuals, but resorted to
using both models themselves when it seemed appropriate.
6'3'2 Although kinetics and equilibria were questioned separately
nobody was able to talk of one in isolation of the other.
This revealed a major difference in viewpoint. For instance,
B clearly sawall the concepts as closely related:
B: 'Well, I think the concept of thermodynamics, and going then into
equilbria and into kinetics, in other words the whole lot of
what's normally grouped under physical chemistry'" it is
absolutely vital that before you start on a piece of research
that you must ensure that the thermodynamics are right, that the
free energy changes make the reaction permissible and that the
equilibrium will give you a reasonable chance of producing the
material that you want and finally the rates will tell you that
you can produce it at such a rate that it's commercially feasible.
That's very much from the viewpoint of an industrial chemist.'
(TR 2 Edit., lines 6-17)
On the other hand E very forcefully separated these ideas
into two camps:
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E: the thermodynamics hasn't got anything to do with the kinetics
really. Thermodynamics only tells you what the equilibrium
situation is assuming you've got all these reactions to occur -
it's divorced in a way from kinetics.'
(TR 5 Edit., lines 66-69)
He also justified his views thus:
E: 'There's a case for putting thermodynamics separately, because
it rises above mechanism. The fact it's made of atoms doesn't
matter as far as the thermodynamics goes, so thermodynamics rises
above it all.
I don't really see why you shouldn't teach thermodynamics
separately, and the concept of equilibrium and kinetics can be ~~
separately. If you do any statistical thermodynamics, things
like expressions for equilibrium constant fallout ... that's
where the link is.'
(TR 5 Edit., lines 81-87)
Here, the distinction is made on the basis of an over-arching
mathematical (thermodynamic) model. Any link that does exist
between the concepts is a mathematical abstraction.
D was, in a way, sitting on the fence. He implied a unified
conceptual area, with separation on pratical grounds:
D: 'thermodynamics (is) a very useful way of knowing where equilibrium
is going to lie ..• you don't have to know anything about rates.'
(TR 4 Edit., lines 69-72)
Here we have evidence of the two postulated models of thinking.
B used a Pragmatic mode of thinking, E used a Noetic mode. D
seems to adopt a compromise position.
6'3'3 The IP interviews contained many such instances. Some
of the best examples follow:-
o used the Noetic model when discussing equilibrium:
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D: 'It must be an equilibrium in terms of energy, that the system as
a whole has come to its lowest energy, and the energy that it's come
to will define the actual concentrations of the components.'
(TR 4 Edit., lines 36-38)
C treated this same point Pragmatically:
I: 'What would you say is the main thing you would have to know if
you're dealing with chemical equilibrium?
C: (pause) Mm! I'd have thought mechanism.
I: Mechanism? Why do you say that?
C: Well, you've got to get from one thing to the other, and you've
got to decide where the equilibrium's going to lie. I think a good
understanding of mechanism is the thing. '
(TR 3 Edit., lines 101-107)
B had been discussing equilibrium and the need to determine that
'a reasonable free energy change' existed in a reaction, before
finding the 'temperature pressure and concentration regime to
provide optimum output' - very Noetic. However, he continued:
B: 'Now, oxidation is the type of Chemistry where equilibrium just
doesn't worry you. Once you've burnt the thing down to C02 or you've
taken out the hydrogen as water, the back reaction has negligible
effect. But, if you're going to syngas reactions where you have
carbon monoxide going to , say, methanol, you know damned well that
the back reaction methanol to syngas can go very readily.'
(my underlining) (TR 2 Edit., lines 54-60)
This of course is very Pragmatic, with equilibrium being seen
as a balance of backward and forward reactions, not in terms of
energy states. B was thus at ease using either model.
6'3·4 F, on the other hand, seemed less at ease.
equilibrium she was clear about one thing:
In discussing
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I: 'You said there, 'You have a reaction and it's gone to completion';
what did you mean by that?
F: Well, everything that's going to happen when you put two things
together which react, has happened, and it's finished to all
intents and purposes.'
(TR 6 Edit., lines 65-68)
This is a static view of equilibrium. Concentrations become
constant; the reaction apparently stops. Closer questioning
drew this response though:
F: '... you could argue perhaps that some of the crystal surface comes
away into solution, and some of the solution goes back onto the
surfaces, and so you'll have a movement there, but the system as a
whole will remain the same from the objective point of view.'
(TR 6 Edit., lines 72-75)
Here F was using solution as an analogy to explain the dynamic
nature of equilibrium. Her first (static) view was basically
Noetic; her second view was Pragmatic - but she was not totally
committed to this view (note the word 'perhaps'). D. was very
open in his view concerning static/dynamic equilibria, although
there was an element of 'revelation' indicated by the surprise
in his voice when he said:
D: 'I do tend to think of things reacting to give something else, and
there's an end of it, and not that they go back, you know, when
you get an equilibrium, that things are moving.'
(TR 4 Edit., lines 148-151)
6.3.5 One significant point was that in every case where
dynamic characteristics were ascribed to equilibrium, a physical
example was cited (solution, snow subliming, evaporation, etc.).
Perhaps equilibrium is the point of contact between the two
models of thinking. This might be represented diagrammatically
thus:-
I-------~--------------------------------------
I
1 -
: CHEMICAL
I THERMODYNAMICSIL- ~
1
MOLECULAR
INTERACfION
DIAGRAM 10:
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ACTIVATED REACTION
STATES MECHANISM
REACTION
SPEED
COMPETITIVE
RATES
CHE11ICAL
EQUILIBRIUM
ENERGY
MINIMA
ENERGY~-----~...STATES
Possible link between Thinking Strategies.
6.3·6 Thus far, and based on the evidence from the IP interviews,
it could be said that:-
1. Industrial researchers hold and ~ two rather different
views of these particular chemical concepts.
2. These views are significantly different in that one
is a macro-phenomenon model, the other a micro-phenomenon
model.
3. These industrial researchers could use both models
effectively, since they are not mutually exclusive.
4. The nature of chemical equilibrium would appear to be
a bridge between the two models.
There is some evidence from the interviews, that chemical
educators prefer the intellectual elegance (based on epistemic
logic) and rigour of the Noetic model and devalue the Pragmatic
model The practitioner seems to require a facility to use
both. The evidence appears in three main 'themes':-
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1. Attitudes to this part of Chemistry.
2. 'Reluctant Reversibility.'
3. Fear of Mathematics.
6'3'7 Both Band C made very clear statements about under-
graduates and postgraduate negative attitudes to these physico-
chemical concepts:
B: 'I've had so many people come into the lab'" and they've said,
'Oh! my goodness! I wasn't very good at Physical Chemistry and I
didn't really like it very much!'.
(TR 2 Edit., lines 18-20)
C: 'My view is that it (kinetics) is one of those things at university
that perhaps people aren't very interested in'" but it's a very
important aspect when you come to doing, you know, working some-
where like (X).
(TR 3 Edit., lines 9-14)
and: 'the little bit we did on that (equilibrium) I didn't have great
interest in···· I know you're picking on the points basically,
you know, that people would find disinteresting at university.'
(TR 3 Edit., lines 41-44)
That such attitudes might relate to mismatch is signalled by a
further statement from B, talking about Physical Chemistry:
B: 'I've been used to dealing with graduates now for about the last
3S years and they come to me and they usually have a fair
grounding in Physical Chemistry···· quite a few of them don't really
know why they've done it and they don't usually see the utility
of it.'
(my underlining) (TR 2 Edit., lines 104-108)
6'3·8 Reluctance to admit the reversibility of reaction with
the possibility of dynamic equilibrium was expressed clearly
by F:
I: 'Let's suppose we have a reaction where there is quite a noticeable
reaction between the products to reproduce····
F: (interupting) another product presumably!'
(TR 6 Edit., lines 97-99)
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This readiness to move forward on a more linear reaction path
was also evident in discussing equilibrium with D:
I: 'Would you think there might be some benefit in describing
equilibrium as competitive rates?
D: (long pause) No!
I: Why do you say that?
D: I was thinking of conditions where Band C (the products) might
want to react further to give other things, and where things would
build up and die down. '
(TR 4 Edit., lines 49-57)
6·3·9 The 'interference' of Mathematics in both remembering
and understanding was strongly voiced. Interestingly, the high
symbolism used in mathematical learning seemed to aid memory
but hinder understanding:
I: 'Why did reaction kinetics come into your enzyme Chemistry then?
F: Well, the Michaelis-Menten equation I think was the standard .•.
I: So you see that in terms of an equation then?
F: Yes, very much so.
I: A mathematical equation?
F: Mm - hm! (assent)
I: You don't see it in terms of molecules hooking together, and that
sort of thing?
F: Not my initial reaction, no!
(TR 6 Edit., lines 13-22)
And from D:
D: 'We were expected to do an awful lot of differential equations
The concepts didn't really seem to get over very clearly; it was
a lot more emphasis on the techniques for solving differential
equations. '
(TR 4 Edit., lines 99-102)
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It could be argued that memory pays more attention to the worst
features of a course! It is difficult, however, to escape the
importance, in chemical education terms alone, of one recalled
incident. C's professor had offered an SRC grant for research
in kinetics. In C's words:
C: ,..... the professor sent for me and said, 'Do you want to do
research, there's an SRC grant there?' I said, 'No, I just don't
like it, it's too mathematical and using machines and things'.
(TR 3 Edit., lines 128-130)
6·4 A new focus.
6·4·1 I suggest that chemical education has developed an
epistemological approach to the conceptual areas of kinetics
and equilibrium, which separates and isolates them. The grounds
for this assertion will be argued in Chapter 8 This
epistemological approach does not reguire the separation and
isolation of these two areas of Chemistry, however, and one
is left to question why this might have occurred. From the
evidence gathered in these IP interviews, the 'epistemological
niceties' seem to be given low priority by industrial researchers
- or rather, are seen from a different perspective. Practitioners
seem to need to think of the focal concepts in two ways, and
this psychological ambidexterity appears to be very useful.
Where chemical education has -restricted this flexibility by
concentrating on knowledge, then the practitioners appear to
suffer through inappropriate modes of thinking and limiting
attitudes. It would seem that these difficulties may be over-
come during employment through the efforts of individuals, or
possibly through company procedures for re-training.
6·4·2 An acceptance of this description of the state of affairs
leads to one important question about the relevance of chemistry
courses in higher education vis-a-vis eventual industrial
practice and research. Does the pursuit of, and fascination
for, intellectual rigour result in our chasing knowledge
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whilst ignoring wisdom? (Maxwell 1984). Higher education courses
clearly are not solely aimed at industrial practice. However,
although considerable attention is given to the development
of syllabuses and courses that are relevant to industry as
evidenced by various Prospecti (see Chapter 8 ), could it be
that manipulation of content distracts from a more important
need - that of developing appropriate thinking strategies?
6·4,3 These ideas were made public at a Research Seminar in
the Institute for Educational Development, Surrey University
(November 1983). During question time, some very interesting
points were raised.
a) The 'traditional' introduction to these chemical
concepts in school follows a rather boring historical path,
starting with Guldeberg and Waage's Law of Mass Action.
University teaching normally deals with the most recent
ideas in the area, and hence would not involve the older
ideas.
b) The two models (thinking strategies) are probably best
viewed as one model of possible strategies.
c) The distinction between content and process which is
becoming increasingly important in science education may
be manifest in the mathematical difficulties expressed.
The exercise of differential equations unrelated to real
chemical problems, may lead to the accumulation of more
content with little understanding.
d) The two thinking strategies could be part of a
sequential development of an increasingly sophisticated
understanding of the concept areas, moving from a specific
(molecular) to a general (energetic) viewpoint.
e) The qualitative difference between transcripts 2-5
and transcript 6 (where there seemed to be less assurance
and confidence) prompted the question as to whether post
undergraduate education in research made people more
adaptive.
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f) Two perspectives could be taken on the thinking
strategy models, depending on whether the concepts involved
were seen to have utility or interpretative value. It
might be that different 'value bases' required different
models.
6·4·4 In general terms the response to the seminar was supportive
and enthusiastic, generating considerable discussion concerning
the demands and needs of industry, and the need for a new
dialogue between industry and higher education. This seed,
fed by two particular comments from one interviewee, germinated
and grew in my mind strongly enough to refocus the purpose of
this inquiry. The interviewee's comments were:
a) 'I don't think it (the Chemistry course) helped me as a person
to go out to work in any way.'
(TR 6 lines 629-630)
b) 'The teaching system (school/university) seemed to be geared to
passing exams: we learned by rote and forgot as quickly. The
exams did not test our ability to apply knowledge or 'intelligence'
of the subject, but rather the quality of our memories. What is
important in the sort of work I'm doing now is that I_can remember
enough of the subjects I learned at (----) to be able to tie
seemingly unrelated subjects together - to draw parallels and
'think laterally' on new topics. Reading up the forgotten details
is easy - what is difficult is judging where and how a scientific
principle should be applied to unchartered subjects~ ...•.
The work we do at (----) takes on new dimensions when the
scientist not only has to consider the scientific principles
involved but the practicalities of the idea, the type of people
likely to be using it, the economic feasibility and any
environmental or political implications which could arise.'
(F: correspondence)
6·4·5 The seed grew into the three research questions already
defined (2·9)
A. What makes concept learning to be of greatest practical
/vocational value?
B. What is required to make chemical education coursesof
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optimum relevance?
C. Is it possible to characterise educational relevance in
chemical education?
6·5 The Research Sample.
6·5·1 The conceptual framework developed from the IP interviews
(the model of thinking strategies) together with the information
on attitudes towards, and relevance of, chemical higher education
could now be used to define the base of the inquiry. It is
interesting to reflect that by focussing on specific concepts,
a wider issue had been highlighted. This largely resulted from
the 'indirect questioning' approach first·seen in the trial
interview. Further~ the IP intervie~s in ~ sm~ll way had
followed a funnel model, in taking five data sources and
developing a tentative hypothesis or generalisation (Diagram 11).
SEMINAR THINKING
STRATEGY
DIAGRAM 11: Funnel approach for IP interviews.
This generalisation had been publicly tested. I was now in a
position to extend the interview field, inquire more deeply
into the literature on educational relevance, and look more
carefully at the interrelationship of the chemical concepts
involved.
6·5·2 In deciding upon the sample for extending the study,
it was clear that choices would have to be made, or as Miles
and Huberman (1984) put it:
'empirical research is often a matter of progressively
lowering your aspirations ... unless you are willing to
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devote most of your professional life to a single study,
you have to settle for less.' p 36.
The problem faced consisted of the wide range of applications
of the focal concepts in industry, and the range of levels of
involvement of the practitioners (from technician to post-
graduate researcher, for example). Additionally, an analysis
of the concept of relevance (see Chapter 8 ) indicated that
three particular groups should be included - industrial
practitioners, educators and students. Clearly random sampling
was not suitable. Since qualitative research is largely and
essentially investigative (Douglas 1976) it follows that
sampling must be basically driven by any conceptual frameworks
emerging (Miles and Huberman 1984) from any initial and probably
opportunistic sampling (Honigman 1970). In my case, it was
evident that further interviewing samples would follow a
'judgmental' pattern, that is necessitating my seeking out
particular people who were specialists in the areas indicated.
6'5·3 I suppose it may be argued therefore that there is a
built in bias to this study - a point which I accept. However,
I would also point out that this has been a deliberate and
self-conscious feature, a process fully in accord with the
theoretical sampling approach of Glaser and Strauss (1967).
It is interesting to note here that at a certain point, the
data generated from the extension interviews became for the
most part the same - 'theoretical saturation' - which led to
a modification in the interview strategy. (This will be
explained in 6·6·2). It was clear from the outset that I
would not be attempting to analyse my data in any numerical
fashion. Thus, there was no pressure to consider my sampling
in terms of suitability for statistical significance.
6·6 The EP Interviews.
6.6.1 Using processes similar to those already mentioned (6'1)
a further 29 interviews were arranged in the following areas:-
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a) chemical industrial practice.
b) chemistry teaching.
c) recent chemistry graduates.
This provided an Extended Phase programme of interviews as
shown in Table 9 (see page 88 ). The areas chosen arose
from an analysis of educational relevance (see Chapter 8 ).
It was decided that the chemical industrial perspective could
best be observed by including both chemical research and
development and chemical engineering. These two areas of
practice, broadly speaking provide a Significant proportion
of practitioner graduate employment. Three areas within
research and development were included (petrochemicals,
pharmaceutics, foodstuffs) as areas in which the focal concepts
were potentially highly significant. It was obvious that
teachers in higher education should be involved. Several
teachers in secondary education were also included because it
was felt that their perceptions on relevance would also have
significance. The student perspective introduced special
considerations.
6·6·2 Initial attempts to interview individual recent graduates
met with a methodological problem. There was either an
understandable reluctance to be open about their higher education
courses, or a destructive zeal! It should be remembered that
I was identified as a part of the higher education system
providing their courses. In an attempt to provide more
balanced comment, it was decided to use a group interview
technique instead of the one-to-one situation. Three or four
students were involved in each interview, partly for ease of
transcription (reduction of overtalk), but mainly to ensure
that all the students present had an opportunity to air their
views. The intention was to use peer-group support both to
promote and control comment and interaction.
were devised to provide some structuring, if
l2, page 103 ). This revised strategy proved
effective.
Key questions
needed (see Table
to be highly
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Group interviews: structuring questions (work in rota, if possible).
1. When, where did you graduate?
2. What was the basic structure of your course?
3. How effective was your course in helping understanding of Chemistry?
4. How effective was your course in giving enthusiasm for Chemistry?
5. How was chemical kinetics taught?
6. Did you like chemical kinetics?
7. How was chemical equilibrium taught?
8. Did you like chemical equilibrium?
9. Where did thermodynamics fit in?
10. What was the effect of Mathematics?
11. What attempts were made to link with real problems?
12. What makes Chemistry relevant for you?
TABLE 12: Key questions for group interviews.
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6·6·3 The potential range for the research sample of this
inquiry is enormous. Within industrial practice alone, one
could make a case for the inclusion of a wide range of work
roles. I would suggest, however, that in attempting to
characterise notions of educational relevance, personal
perspectives are more important than role-demand. Further, I
believe the same status should be given to the perspectives
of those who are not directly involved with the focal concepts,
as those who are. I do not think therefore that the extent
to which various work-roles are represented in the sample is
of major significance. Table 13 (see page 105) outlines the
complete research sample.
6·6·4 One limiting factor was encountered, over which I had
no control. Economic depression and industrial contraction
may have narrowed the age-range from which the sample would
be drawn within industry, as very few 'recent graduate'
practitioners were available. Table 14 presents an age profile
for the total sample (see page 106).
6·6·5 It was thought unlikely that students could judge the
effectiveness and relevance of their course as an holistic
experience, whilst still studying. Such views would most
likely reflect a response to their more immediate situation.
Not until after graduation was it thought likely that an holistic
view could be obtained. The student perspective is thus
defined in the same retrospective manner as those of the
practitioners and teachers. It differs from the views
of these two groups in that it is not informed by work experience
in general terms. For all three groups, perspectives on the
focal concepts are personal and largely historical, except
perhaps where the concepts were being actively used in practice.
For the teachers, particularly those in higher education, there
is an element of prospective vision in their perspectives.
This results from the need for educationalists to predict the
material they teach.
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Perspective Area of Activity Transcript
G
Secondary School H
science teaching I
[A]
Educator Education U
Higher Education V
science teaching X
y
Z
AA
B*
C*
:Oil Industry D*
Research E*
F*
and Pharmaceutical S
Chemical Develop. T
Practitioner Industry
M
Food industry N
0-
Metallurgy. R
Chemical JK
Eng. L
P
Q
rW2Teacher W3
Postgrad. education fBI'Student' chemists BB2
BB3
and BB4
biochemists {CCIResearch CC2
CC3
trial interview * IP interviews N=36
TABLE 13: Complete Interview Sample.
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Sector Number
1 -- 25 8
2 26-35 7
3 36-45 12
4 46-55 7
20 5 56-65 2
N=36
15
1-0
0
.j,.J
u
4)
rn
4)
00 10to
.c:
u
to
4)
c:....
'"'4).0
E
::I:z
5
1 2 3 4 5
Age sector.
TABLE 14: Age profile for total research sample.
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6·6·6 These slight variations in the overall perspective held
by participants in each of the three groups, are not
insignificant. There is some evidence from analysis of the
transcripts that these variations are on the cutting edge of
any attempt to characterise educational relevance. This point
will be taken up more fully in my discussion of a model for
concept understanding (Chapter 7 ) and in an analysis of
relevance in education (Chapter 8 ).
* * *
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Chapter Seven
Insights.
In which the outcomes of analysis are discussed, and the
basis for a discussion of implications is prepared.
7·1 Categories.
7'2 Thinking strategies revisited
7·3 Perceptions of focal concepts
7·4 Perceptual space model
7·5 Personal understandings
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CHAPTER SEVEN.
7. INSIGHTS.
'There is no absolute knowledge. And those who
claim it, whether they are scientists or dogmatists,
open the door to tragedy. All information is
imperfect. We have to treat it with humility.'
* *
Bronowski (1976) p353
*
7'1 Categories.
7·1·1 Although not all those interviewed were working directly
with the focal concepts they all had some knowledge of
them. All were graduates (or equivalent) in either chemistry,
bio-Ghemistry, or chemical engineering. Some had higher degrees
in chemistry. As the analysis process progressed (see 5'5'7)
certain categories of statement occurred with considerable
regularity, others in a more limited way. The reading and re-
reading of transcripts and edits showed that the interviewees
commented on the same points or issues - not necessarily with
totally identical opinions or attitudes, but certainly
addressing the same idea, as indicated in Table 7 (p77). The
regularity with which these categories occurred is given in
Table 15 (pIll). Prime examples of statements within each
category, together with brief notes on each type, are contained
in Appendix S (p AS ). The categories will not be referred
to in detail in the following chapters except where required
by the argument being pursued. Several of the categories (A,
C, E, K, L, M, ) required subdivision to encompass quite
distinctly different views on the same subject. For example,
Category C (relationship between the focal concepts) required
two sub-divisions depending on whether participants saw the
focal concepts as linked or separate ideas:-
(see overleaf)
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C focal concepts linked.
I
C
C focal concepts isolated.
C. and C, were particularly significant since analysis of the
IP interviews (see 6·3·1) appeared to indicate a link between
C,and a pragmatic thinking strategy and C, and a noetic
thinking strategy. This will be referred to again in 7·2·2.
Table 16 (p11+ ) gives the sub-factors emerging during analysis.
7·1·2 Other regularly occurring categories were either too
identical to require division, or too general to allow it (F,
N, R, T). These might be seen as more peripheral factors in
terms of the focal concepts, but are none-the-Iess important.
In the main, these categories arose from interview comment
which was not sponsored directly by the key questions. The
weak specificity in some of these responses no doubt resulted
either from the lack of focussing, provided by key questions,
or from the interpretative context used by the participants
in expressing their meaning.
7·1·3 There were several other statements within the interviews
which seemed significant, though not repeated with any great
regularity within the research sample (i.e. less than four
instances). In view of the general picture emerging from the
more regular ideas, however, these rather isolated comments
could not be ignored. Some of the more significant of these
were:-
a) Comments relating to industrialists' views on graduates'
employment potential.
b) Instances of 'learning through interview'.
c) Descriptions of demands made by specific jobs.
d) Ideas relating to a spectrum of chemical reactivity.
Some of these points (e.g. comment on graduate employment
potential), were seen to be significant, as a result of the
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A B C E El F H I K L M N P R RC T UR
1 * * * * * * * * * * *2 * * * * * * * *3 * * * * * * * * * * * *4 * * * * * * * * * * *
5 * * * * * * * * * *
6 * * * * * * * * * * *7 * * * * * * *8 * * * * * * * * * * * *9 * * * * * * *10 * * * * * * * * *11 * * * * * * * *
12 * * * * * * * * *13 * * * * * * * * *
14 * * * * * * * * * *15 * * * * * * * *16 * * * * * * * *
17 * * * * * * * * *18 * * * * * * * * *19 * * * * * * * * * *20 * * * * * * * * * * *21 * * * * * * * * * *22 * * * * * * * *23 * * * * * * *
24 * * * * *25 • * * * * * * * * * * *26 * * * * * * * *
27 * * * * * * * * *
28 * * * * * * * *
29 * * * * * * * *
Totals IJ & ;a.g ~ I U' - ~ ~ 1,1 ~ I 2- ~ '0 .l~ .,.
TABLE 15: Frequency of appearance of factors (full research sample).
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reflective analytical process adopted. For instance, the
example quoted above emerged as an interesting parallel with
statements made in reference to the relevance of courses for
employment, through the 'opposite pole' technique (in this
case employer/employee); see 5·5·7. Diagram 12 (see p1l3)
shows the number of instances of all the categories.
7·1·4 In reviewing the number of instances of each category,
two immediate points were evident; one suspected, the other not.
On the one hand, those factors relating to the focal concepts
were among those having the greatest number of instances - to
be expected in view of the key questions. On the other hand,
providing almost as many instances, were those factors relating
to higher education, factors not directly relating to key
questions. In particular, as 'equal first' with 'views on the
relationship between the focal concepts' (C), is the factor
embracing comment on 'teaching approaches in undergraduate
courses'. Thus, of these categories having the greatest number
of instances, two sub-sets could be clearly identified.
Sub-set 1
(focal concepts)
Sub-set 2
(Higher Educ.)
Category
A
C
E
F
K
[L]
M
No. of instances
19
29
26
25
27
[ 13]
20
24
[ 13]
24
28
H
[ L ]
R
T
A reference back to Table 7 (p77 ) will indicate that sub-set 1
contains those factors relating directly to the focal concepts,
whilst sub-set 2 concerns those relating to higher education.
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eT Kf!F
Categories
DIAGRAM 12: Number of recorded instances of each category.
114 7·6
A: personal attitudes to equilibrium/kinetics/thermodynamics
C: relations between focal concepts
E: perspective on equilibrium
K: perspective on kinetics
L: influences in learning
M: mathematics related factors
A { Al
lA2
Kinetics/equilibrium/thermodynamics 'liked'
Kinetics/equilibrium/thermodynamics 'not liked'
Focal concepts seen as linked
Focal concepts seen as separated
Molecular model used
Energy model used
Dynamic/static equilibrium discussed
Energy equations discussed mathematical model used
Rate/order/mechanism seen as main concepts
Reversible reactions discussed
Symbols
Diagrams
Equations } used as 'triggers' for memoryor mode of explanation
C 1Cl
LC2
Mathematical barriers met in learning focal concepts
Positive personal attitude to mathematics
Negative personal attitude to mathematics
TABLE 16: Sub-factors in analysis.
E
1
El
E2
E3
K lK1K2K3
L 1LlL2L3
M
1
Ml
M2
M3
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Category L (influence on learning) seemed to fit equally well
in both sub-sets.(see Diagram 13, p116 )
7·1'5 The reader is reminded at this point that the key
questions for the interviews were deliberately restricted to
a concern with the focal concepts. The fact that considerable
comment emerged related to teaching and learning in higher
education, and the relevance of courses in higher education
is, I suggest, highly significant. This indirectly revealed
concern may have been sponsored by the participants' knowledge
of my own background (freely given before each interview).
None-the-less it forms a concern that clearly needed to be
expressed,and its strong appearance is a justification of the
indirect question technique mentioned in s'2'2(b), and is also
compatible with the new focus for the whole inquiry adopted
after analysis of the IP interviews.
7·1·6 In the discussion immediately following, I intend to
concentrate on sub-set 1 (focal concepts). I shall argue that
this sub-set provides the basis for a revision of the thinking
strategy conceptual framework (see 6·3 .1-9 ), as well as for
a model of perceptual space, relating to the focal concepts.
In Chapter 8 , I shall look more closely at sub-set 2 in
support of a model for educational relevance. The less
frequently occurring categories forming a 'significant other'
(SO) sub-set and identified in 7·1·3 will be used to illuminate
these ideas as appropriate.
7·2 Thinking strategies re.'lLisit.ed.
7·2'1 Analysis of the IP interviews led to the premise that
two thinking strategies were involved in those processes
leading to an understanding of the focal concepts. These
strategies were manifest in the way participants expressed
their understanding. Two distinct models of thinking were
suggested (6'3) which were not mutually exclusive, and which
I termed Noetic and Pragmatic. During the IP interviews, some
participants seem to show clear preference for one or other
28
26
24
22
20
18
II) 16Q)
u
c:: 14to
.j,J
II)
c:: 12'r1
~
0 10~
Q)
.a 8E='z
6
4
2
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Sub-set 1 Sub-set 2
A 19 H 22
C 29 L 13
E 26 [M 20]
F 25 R 24
K 27 T 28
L 13 U 4
[M 20]
RC 10
30 · Sub-set 1 Sub-set 2
~
· r--
~
I--
I'"
· I'"
· t--
· - -I"'~
- ~-I'"
·
~ ~
·
·
·
·
·
·
I CIK E F M A j L 'RC. T R H [M] L U
DIAGRAM 13: Number of instances for sub-sets 1 and 2.
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of these, others seemed able to use both. Where both were
involved, a more holistic understanding was present which, in
the small IP sample, appeared to improve utility and relevance
of the focal concepts; a significant point.
7·2·2 Reading through the sub-set 1 statements, the same two
thinking strategies are clearly evident. For example:-
I: --- What does chemical equilibrium mean to you?
K: That you have reactions going in opposite directions; the reaction
will proceed until the forward reaction's equal to the opposite
reaction, due to the adjustment of the concentrations of the
reacting substances.
I: What is going on at equilibrium?
K: Reaction in the forward and the reverse direction are both
occurring at the same time.
I: So you're getting back to your competing reactions and competing
rates that you mentioned under kinetics?
K: Well, yes, indeed since in fact the kinetics are of fundamental
importance in the equilibrium reactions in many cases.
[TR 11: lines 133-148]
Here K is using a molecular/mechanistic approach, seeing
equilibrium and kinetics as related areas, and also uses
molecular interaction as the basis for his ideas. All this is
typically pragmatic. On the other hand:-
I: --- What do you see to be the main ideas involved in that [kinetics]?
Q: I would judge reaction kinetics in terms of catalysts and the
behaviour of catalysts to.perform the job that they're required to
do, and how that varies with temperature and pressure. I suppose
if somebody mentioned reaction kinetics I would immediately think
of catalysts···· and the behaviour of catalysts. But then there's,
when I think about it as well, there's also the mathematical
modelling of reactions, and being able to model them be they 1st
order, 2nd order, 3rd order reactions ••. being able to produce ;,
mathematical models that you can manipulate in order to understand,
or to have a good idea, what's going to happen if you alter, sort
of , variables involved.
[TR 17: lines 209-223]
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Here Q is mainly concerned with a mathematical mode and
manipulation of the total system through parameters such as
temperature (energy). This is amplified by a later statement:-
Q: --- thermodynamics will tell you about the equilibrium - it will
tell you all about the equilibrium - it will allow you to model a
chemical system and tell you what equilibrium will be attained, but
it won't tell you anything about the rate that it will happen at,
you know.
[TR: lines 365-378,original
emphasis]
These two statements from Q embrace the main features of noetic
thinking - explanation through thermodynamics, separation of
kinetics (rates) and equilibria, and an energetic mode.
However, the inference from the IP interviews that those
participants viewing kinetics and equilibrium as separate
conceptual areas, used a mainly noetic model of thinking(3 of 3),
whilst those who saw the focal concepts as linked used mainly
a pragmatic model (2 of 3), has not been supported. No
particular link between thinking strategy and participants'
views of the concepts has been discernable in the EP interviews.
What does seem reasonably clear is that two thinking strategies
were in use.
7.2·3 I have therefore revised the earlier conceptual framework
to form a strategy model comprising two modes of thinking. The
intention is to strengthen the relationship between the noetic
and pragmatic modes, and to stress their value in an overall
process of thinking for understanding (see Diagram 14, p 119 ).
The descriptions of each mode are for the moment unchanged
from those listed in Table 10 (p90).
7·2·4 The revised model allows the interpolation of interview
statements in terms of two closely related 'thinking modes'
( Tn - noetic thinking; Tp - pragmatic thinking) rather than
through two discrete but compatible strategies. A survey of
all the transcripts revealed that these thinking modes were
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CONCEPT
Thinking Mode
Tn Tp
Noetic Pragmatic
ZONE
DIAGRAM 14: Revised thinking model.
regularly in use, and sometimes used in combination, as shown
in Table 17 :-
Kinetics Equilibrium
Tn 6 9
Tn/Tp 7 5
Tp 10 9
No. of transcripts
=26
[group interviews
not included]
TABLE 17: Instances of thinking modes.
Some illustrations of each of these (Tn; Tn/Tp; Tp) are given
below:-
a) Tn: Kinetics:-
L: [describing reaction kinetics] The things that spring to mind
are 1st and 2nd order reaction rates and Arrhenius equations ---
things are going through my mind, Gibbs free energy functions,
Maxwell rules and equations like that, I think.
[TR12 edit; lines 3-6]
Q: --- I suppose if somebody mentioned reaction kinetics I would
immediately think of catalysts and the bahaviour of catalysts.
But then there's, when I think about it as well. there's also the
mathematical modelling of reactions and being able to model them be
they 1st order, 2nd order, 3rd order reactions, being able to produce
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a mathematical model that you can manipulate in order to understand
or to have a good idea what's going to happen if you alter, sort
of, variables involved.
[TR 17 edit; lines 6-13]
b) Tn; Equilibrium:-
V: --- you're looking at the --- total free energy of the starting
system, and you're really balancing the two together
[TR 22 edit; lines 81-82]
AA: --- One's talking about the relationships between entropy
changes in the particular system you have under investigation and
entropy changes in the rest of the universe that go along with
them --- the advantage of an entropy orientated approach to
equilibrium, it seems, to me, is that it removes the special
chemical characteristic. It makes it a more universal phenomenon
than simply chemical equilibrium.
[TR 27: lines 497-506]
c) Tp; Kinetics:-
M: --- Well, you get, sort of, impression of A and B coming together
to interact in a - not a permanent sort of way, but orbital overlap
and whatever --- / --- two discrete molecules coming together,
overcoming whatever repulsive forces and then subsequently marriage
of orbitals and electronic systems.
[TR 13 edit; lines 12-14/
22-24]
s: --- a way of looking at the interaction between molecules
bond-breaking and bond-making I suppose are the two --- er, and
timing as well --- But also it's the interactions of atoms in
their spatial orientation, as it were
[TR 19 edit; lines 24-33]
d) Tp; Eguilibrium:-
I: How would you describe chemical equilibrium?
L: Well, the point at which the decomposition or reversion of
products into raw components if you like, is equal to the conversion
rate from the starting materials to the product.
[TR 12 edit; lines 52-54]
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N: How would I describe it? --- I suppose the degree to which a
reaction can be said to be either on one side or the other, the
degree to which a series of reactants have been sort of changed
to become the products.
[TR 14 edit: lines 110-113]
e) Tn/Te; Kinetics:-
0: --- I suppose it's possible that if you have two components
there could be different ways in which they could react together.
Alright, if you just had one compound and it was degrading - sucrose-
could it just split in two, or could you just lose odd bits off -
and perhaps looking at the rate of reaction might give you an idea
as to --- possibly one reaction which could be the more favoured
reaction because it needed lower energy actually to impliment it.
[TR 15 edit; lines 37-44]
V: I suppose you can say you've got the speed of reaction and you
relate that to, Ae- Ea/RT or KT, isn't it? So A is a geometry
factor made up of parts whatever they are - the chances of a
molecule meeting, molecules meeting and the orientation, I think
those are the two factors - and then of course you have the
activation energy and Boltzmann constant and the temperature ---
[TR 22 edit; lines 11-16]
f) Tn/TD; Eguilibrium:-
Y: --- again I would say, use the idea of two reactions --- going
at a specific rate, and that rate being dependent on a rate constant
times a concentration and at equilibrium the rate of the forward
reaction and the rate of the forward reaction is equal. We can
talk about the thermodynamics of equilibrium constants, you can
write down, for example,AG for that process ---
[TR 25 edit; lines 218-225]
Z: --- I'm thinking now in terms of, shall we say, two compounds
reacting together to give a third, or third and fourth chemical,
and the rate of the forward reaction, such that you reach a point
where you have a mixture at anyone temperature of all four -
compounds. Now that can be related to anything --- I mean, all
of those reactions in which you have the possibility of a forward
and a reverse reaction. In other words, we're now going over to
thermodynamics. I'm talking about the fact that the activation
energy for the forward reaction is comparable with the
activation energy of the reverse reaction --- the equilibrium
position of course now depends upon the absolute energies of the
two starting materials and the end products.
[TR 26 edit; lines 275-289]
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7·2·4 This move from discrete thinking strategies to two
closely related modes as the conceptual framework for analysis,
has revealed other perceptual polarities. The significance
here is not so much in the 'poles' themselves, but more in the
nature of the relationship linking them. Three perceptual
polarities have been identified:-
a) a qualitative/quantitative axis,which appeared to
strongly correlate to the use of molecular modelling
(basically Tp) or mathematical modelling (basically Tn).
b) a macro/micro axis, apparently relating to the use of
energetic explanations (basically Tn), or mechanistic
explanations (basically Tp).
c) a kinetics/equilibrium axis which has close links with
chemical thermodynamics, and which can involve both Tn
and Tp modes individually, and a Tn/Tp combination.
7·3 Perceptions of the focal concepts.
7·3.1 Before discussing these perceptual polarities further,
I want to introduce to my argument the idea of 'fuzzy sets'
[Zadeh (1965)]. I believe it is important at this stage to
use some mechanism to avoid any assumption that the polar axes
elicited have been constructed from discrete, bounded and
homogeneous entities. Further, I wish to stress that any
model constructed from these polar axes must itself be seen
as 'fuzzy' (in the technical sense, that is!)The implication
of using 'fuzzy sets' is that the elements making up, say,
the set labelled 'molecular modelling', do not have a unitary
characteristic function; 'degrees of membership' of the set
are allowable. This should in no way be confused with 'vague'
interview statements. The paired 'fuzzy sets' on each axis
(qualitative/quantitative; macro/micro; kinetics/equilibrium)
should thus be seen as diffuse groupings of similar ideas
which shade into each other to a greater or lesser extent.
Shaw and Gaines (1980) have proposed a similar use for 'fuzzy
set' theory in describing personal constructs, and the approach
seems to have had some success in modelling human verbal
reasoning and concept processing [see Gaines and Kohout (1977)].
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The intended depth of this analysis however does not require
that the parallel be extended to the use of 'fuzzy reasoning'
[Gaines (1976)].
7·3·2 There are many examples scattered through the interview
data of the fuzzy (again, in the technical sense) nature of
participants' ideas. One of the best of the many examples in
which equilibrium was introduced during discussion of Kinetics,
is:-
R: Reaction Kinetics. It means - er- it partly relates to the speed
at which reactions go, and assuming one is reasonably far away from
equilibrium, it means things like ---
[TR 18: lines 152-154,
category K]
Another commonly occurring instance was the introduction of'
thermodynamics, even though this was not being directly
questioned. This most frequently occurred in connection with
equilibrium, but this particular example relates to Kinetics,
and has been chosen in view of the last few words:-
A: --- there are two 'ifs' about a chemical process, the thermodynamic
'if' and the Kinetic 'if' --- either without the other is incomplete.
[TR 1: lines 6-9,
category K]
The ability of participants to focus on one conceptual area
and introduce another, either for contrast or extension, is
I believe, important evidence of meaningful learning. The
ability to group ideas which may often be considered in
isolation, (perhaps through an apparent need for academic
rigour) and in so doing gain wider meaning and application for
them, shows an element of creative thinking. It is to avoid
any chance of masking such creative value by labelling
participants' ideas with constricting straight-jackets, that
I wish to view the elicited perceptual polarities with 'fuzzy'
eyes!
7·3·3 The qualitative/quantitative polarity was highlighted
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by participant V. In talking of Kinetics, V based his first
comments on the Arrhenius equation, but later used a mechanistic,
molecular explanation. On drawing attention to this difference,
the following conversation occurred:-
V: ---- conceptually you'd still think about it in the same way, but
you'd probably be going into it simply more deeply, I suppose, and
looking at the mathematics of it·
I: So that by using mathematics you feel you are going more deeply
into the subject?
V: I don't know, really --- probably not, just in a different
way, Isuppose. But you're wanting to quantify it and therefore you
have to express things in the form of a mathematical equation - if
you wish to do that.
I: You're really drawing a distinction there between quantitative
and qualitative -
V: (interrupting) I think that's generally so, yes, yes.
[TR22 edit; lines 66-77
.cat egor y K]
This same idea was echoed by participant Y:-
I: You said 'qualitative arguments'; you mean - what do you mean by
that?
Y: Well, I mean, there are qualitative approaches to Kinetics which
avoid mathematics completely. You just say that, er, as concentration
of A ~oes down, an intermediate B might increase, and then .a final
product C '.willappear.at a much later time so you can, H, you like
just draw curves, on - on a - on a board, or a sh - a piece of graph
paper, to account for this. I think the organic chemists use even
more quantitative approaches where they say we envisage the reaction
in the following sequence of steps, and write down a mechanism, and
say we think the second step is the rate determining step, and this
is what controls the Kinetics, and they would not attempt to model
it - in any way [mathematically] (telephone interruption).
[TR 25: lines 182-192, category
K: original emphasis]
7·3·4 These comments also indicate that qualitative approaches
do not involve mathematics to any great extent, but do involve
the molecular modelling of reaction mechanisms. This point
was amplified during discussion with participant AA:-
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AA: We talk about reaction mechanisms in terms of -- models of what
we believe is happening at the atomic level and on the whole one sticks
to a particular set of models because that's the way that your thought
processes tend to get stuck so the - the organic chemist erm sticks
to the set of models which are derived ultimately from valence bond
theory and which he manipulates by pushing curly arrows around the place.
[TR 27: lines 393-398,
category K]
One value of such a qualitative approach was described well
by participant O,in talking about what makes chemical reactions
'go' :-
0: I think I probably look at it in a mechanistic - erm - bit of
A reacting with a bit of B - breaks off --- to give you ---
I: Why do you see it in that way; and reason particularly?
0: Probably because it's easier to visualise, you can actually draw
out what happens, and it's logical, whereas saying 'in here we need
a certain energy ---and you can quantify it' --- it's more abstract.
[TR 15 edit; lines 64-69
category A]
A shortcoming of a qualitative approach was noted by participant
H:-
H: --- you can't use it for predictions --- you can't go on with a
completely unknown reaction, but with energies, you can find the
energies of each reaction, you can then go on and predict ---
[TR 8: lines 295-300
category K]
7·3·5 Mathematical modelling was of importance to participant
L, for:-
L: --- with a mathematical model of how a reaction proceeds under
given conditions of temperature and pressure, a better understanding
of the Kinetics of the reaction can enable you to produce a much
better product, or control of the system, more safely - or more
efficiently.
[TR 12 edit; lines 19-23
category K]
Alongside this utilitarian need for quantification, and hence
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mathematical modelling, can be placed a perceived need for a
'rigorous treatment' of the concepts involved, and for improved
understanding:-
A: --- one then needs to start looking at the various theories such
as absolute rate theory and collision theory; in other words trying
to some extent to take the thing in the direction of a molecular level,
and then to extend that as far as possible into a rather more rigorous
q~~~~,y~ treatment, to try and demonstrate to people what the
peculiar factors or properties are which --- [have] some influence
on the way in which molecules interact.
[TR 1: lines 159- 165
category K]
and:-
X: --- from a mathematical framework you can understand a lot of
things which are otherwise difficult to understand --- we've got this
new approach which makes maths a little bit soft --- I think it's
very useful for those chemistry students who need to know the theory
without really understanding why.
[TR 24: lines 342-357
category K]
These comments suggest that the quantitative, mathematical
modelling approach must be taken alongside other approaches
in attempting to describe perceptions of the focal concepts.
That a qualitative molecular approach interfaces with the
above was neatly demonstrated by participant E:-
E: I then begin to think about reactants, I suppose, --- what are
the products - more than one product likely - lot of pathways - how
fast does it go? - how does it occur? - any intermediates involved
between the beginning and the end? - how can I study it experimentally?
--- how do I quantify it? can I describe the process in some way
mathematically ---?
[TR 5: lines 241-247
category K, original emphasis]
7·3·6 The examples given in 7·3'3-7·3'5 are typical of much
other comment in the data. It is notable that most of the
quotes are from category K; this is, I believe, largely due
to the fact thatK1netics is particularly open to either a
mathematical or molecular explanation. It is also an area
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complicated by mathematics, according to many statements in
the transcripts (this pOint will be discussed later; see 10.4.15)
There is however, evidence of a similar perceptual polarity
with regard to equilibrium, through discussion of balance of
energy or reaction rate (for details see Appendix 3 ). It is
on such cumulative evidence that I postulate the first
perceptual polarity involving two fuzzy sets, which may be
represented diagrammatically thus:-
\ / /
~ Quantitative ~
approach <
-, \ / /
<, Qualitative ,,-
> approach
Molecular,.. modelling <,
/ -,
/ \
Mathematical
;"" modelling
/ I \
DIAGRAM 15: Postulate 1.
7·3·7 As part of a discussion on the relative importance of
mechanistic versus energetic considerations in describing
chemical reactions, participant P drew a neat comparison:-
P: Well, let us take an example. If I have a box which is full of
metallic chlorides, gaseous for example, and I pop in some oxygen
through a little tube. Now there's a sort of goodness, that if I pop
in a certain amount of oxygen and mix it all up and wait for an
equilibrium to occur, that preferentially some of those metal oxide -
maybe two or three separate species - will form oxides, sorry the
metal chlorides will form oxides and chlorine, and the oxides are
solids. Now, I may be able - if I have titanium chloride and ferrous
chloride and antimony chloride, or something which the gas is - I
may be able to convince myself that if I only put in a little bit of
oxygen, that the oxide will all be iron chloride, because that's what's
favoured thermodynamically. But the oxygen comes in, sees this
mixture, reacts with what it can hit, and it forms oxides, and they're
lost from the match, and it doesn't in fact favour iron oxide, it
favours what it first 'sees' - yes? And it's got nothing to do with
equilibrium, or - you know - working out a balance of perfection
based upon 'I've got this set of species starting, what's going to
happen?', as if the whole thing is mixed up instantaneously, reacts
instantaneously. It isn't. It's there at a point, and the reaction
occurs and the oxygen reacts with what it 'sees' first, not with what
the theory says it should react with.
[Tr 16 edit; lines 61-80
category El
original emphasis.
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The point being made was a distinction between the micro-process
(what happens between individual molecules) and the macro-
process (what one expects to happen on the basis of bulk
properties). P insists that a reaction need not behave
microscopically, in concert with macroscopic expectation.
Further, the macroscopic expectation is, apparently, largely
based on energetic (thermodynamic) considerations. The micro-
system is not necessarily congruent with the macro-system.
7·3·8 Other evidence exists in the data to show that either
a mechanistic or an energetic interpretation may be used for
the same phenomenon.
of equilibrium:-
For example, in questioning perceptions
I: What does equilibrium mean to you?
K: That you have reactions going in opposite directions, the reaction
will proceed until the forward reaction is equal to the opposing
reaction due to the adjustment of the concentrations of the reacting
substances.
[TR 11: lines 134-138
category El
This mechanistic explanation (forward and backward reactions)
is in contrast with the following energetic approach:-
Q: ---- if we have species A plus B going to species C plus D, and
then an equilibrium is set up between the tendency for A plus B to
go to C plus D ---
I: What do you mean by 'the tendency'?
Q: The potential to go.
I: Chemical potential?
Q: Yes, chemical potential.
I: That's an energetic approach, isn't it?
Q: Yes, I would view it in terms of energy.
[TR 17: lines 333-344
category El
7·3·9 An implicit distinction between a mechanistic, micro-
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scale view and an energetic macro-scale view was given by
participant U when discussing Kinetics:-
U: If you have compound A sitting here, and compound B sitting
here, if you mix the two together and a reaction occurs, then what
you're doing is converting a system from higher to lower energy,
presumably, because the tendency is for systems to 'roll downhill'
in terms of energy and in energy levels.
[TR 21: lines 182-187
category K]
This same idea was rather more explicitly voiced by participant
E:-
E: --- there's a case for putting thermodynamics separately because
that rises above mechanism --- the fact that it's made of atoms doesn't
matter as far as thermodynamics goes, so thermodynamics rises above
it all.
[Tr 5 edit; lines 81-83
category K]
The most effective statement concerning a polarity between
micro- and macro-effects was given by participant AA, also
whilst talking about Kinetics:-
I: Well, you are a chemist, and if I say 'tell me what reaction
Kinetics is all about' - w - what are we talking about?
AA: We're talking about two, erm two different views of the world,
we're talking about a view of the world, erm, which is on the macro-
scopic scale, which is what happens when you take substances and, er,
cause them to react - er - and by whatever appropriate means you
investigate how changes in erm such initial properties as, as
concentrations, your solutions or pressures of your gases or whatever
it might be influence the observahle behaviour of the reaction. And
then you have a totally separate world - erm - a world of the
imagination on the microscopic molecular level in which you envisage
molecules reacting with each other and you construct various theories
to explain how the model that, that you are operating, would be
interpreted in terms of the bulk behaviours of matter. And finally
you try and link those together. You try to relate the observable
behaviour of the bulk properties of matter to the mechanistic behaviour
of your molecules reacting under whichever particular model be it a
- erm - a billiard ball collision - erm - transition state theory
model or whatever, erm, that you have constructed to relate the macro-
scopic to the microscopic.
[TR 27: lines 338-357
category K]
original emphasis.
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7·3·10 The 'two worlds' that AA presents are offered in terms
of a difference between 'reality' and 'imagination' - the
observed and the theoretical. To some extent I accept the
link between macro-effects and observables, micro-effects and
theoretical models. However, as has already been encountered
(7·3·4, p124 ) molecular modelling is for some chemists far
more 'realistic' than mathematical modelling (treatments of
observables). It is not my intention here to discuss the
question of 'realism', and whether mathematical modelling is
any more or less 'real' than molecular modelling, as it would
appear to be the case for the interviewees. It is an interesting
thought, howeve~ that neither is closer to 'reality' than
empirical observation allows. I believe that the statements
within the data show that macro-effects are related most
closely to energy considerations (thermodynamics), whilst micro-
effects are manifest mainly in mechanistic explanations. I
therefore postulate a second perceptual polarity, involving
two fuzzy sets, and which might be represented thus:-
\ \ J / \ I // <,<, Macro-view Micro-view ./-- """- < > --_... Energetic - Mechanisticexplanations" ", explanations .........
/
/ \ / \
<,
I \ / I
DIAGRAM 16: Postulate 2.
7.3.11 Reference to 'energy' in chemical reactions was frequent
in the data, in a series of contexts ranging from various
forms of molecular energy (Kinetic, activation etc.), through
to the overarching concepts of thermodynamics. Despite the
fact that none of the key questions used at interview directly
addressed thermodynamics, a significant number of participants
14 out of 36, or 38'9%] introduced it. In nearly all these
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cases, thermodynamics was seen to be very closely related to
equilibrium, and almost remote from Kinetics. For example,
participant S, when talking about equilibrium, said:-
S: --- you're looking at the relationship between thermodynamic
processes and kinetic processes which is very important; in equilibrium
you're concentrating on the thermodynamics and what is feasible ---
[TR 19 edit; lines 46-49
category C]
and participant U said:-
U: --- I suppose you end up with the fact that if you have an
equilibrium process, you have a mixture of units which are in
thermodynamic balance ---
[Tr 21 edit; lines 58-60
category E]
and:-
U: Well, I suppose we use thermodynamics to describe energetic
processes and - therefore to understand equilibrium.
I: But not to understand -
U: (interrupting) Kinetics, no!
[Tr 21 edit; lines 104-106
category C]
Participant E also showed this same distinction between
thermodynamics and kinetics, whilst relating it closely to
equilibria, in the passage already quoted in 6·3·2.
7·3·12 Others were more cautious about such a clear
distinction, as instanced by participant I (in this case, 'I'
not referring to 'interviewer'):-
I: --- once I've said yes to thermodynamics --- it has
an influence on it, but I wouldn't say it was a fundamental
factor with respect to equilibrium.
fTr 10 edit; lines 142-143
category E]
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This cautionary note was echoed by participant P:-
P: ---although I am sure one could apply the principles of equilibrium
thermodynamically to it [a chemical reaction], in practice you have
to be very careful --- you can make some awful mistakes of great
simplicity by not recognising the mechanism of loss of material from
the 'match' ---
[TR 16 edit; lines 51-58
category E]
Several participants made clear how they saw the relationship
between equilibrium, kinetics and thermodynamics. For example:-
Y: --- if you have a reaction which, er, goes to equilibrium, then
the position of that equilibrium is controlled by the thermodynamic
argument --- however the rate at which those products are obtained
is determined by kinetic arguments so, er, kinetics and thermodynamics
really are two sides of the same coin.
[TR 25: lines 124-131
category C]
and:-
AA: --- so the position of equilibrium depends on the free energy
difference between the starting materials and the end products, but
the rate at which it is attained - and that's going back now to
kinetics - is the activation energy --- -so, that is now tying kinetics
up with thermodynamics to bring me into equilibrium reactions.
[TR 27: lines 291-299
category C, original emphasis]
Only one participant indicated- any really strong and direct
link between kinetics and equilibrium:-
K: Well, yes indeed, since in fact the kinetics are of fundamental
importance in the equilibrium reactions in many cases.
[Tr 11 edit; lines 33-34]
7·3·13 The major impression gained from reading these
transcripts and edits, is that kinetics and thermodynamics
form two separate areas of study, with equilibrium being
subsumed by thermodynamics. It is not my intention here to
enter into a Gagne-style concept hierarchy analysis [see Gagne
(1977) since I am dealing with perceptions of the concepts
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more than epistemology. That such perceptions might well be
termed personal epistemologies, is a point to which I shall
return in 7·4'1. What is my intention is to suggest that the
evidence within the data shows a polarisation between kinetics
and thermodynamics (to include equilibrium). It is on this
basis that I wish to bring into my arguments a third postulate,
a perceptual polarity relating to the focal concepts themselves.
Since my key questions have only addressed 'equilibrium' I
shall continue to use that term, in polarity with kinetics
(again as fuzzy sets). Diagramatically, this can be expressed
as:-
\ \ I / \ I /
Kinetics < > Equilibrium
"
/ I
DIAGRAM 17:
"(Thermodynamics)~
\ \
Postulate 3.
\
7·4 Perceptual space model.
7.4'1 The adoption of fuzzy set notions for the three pairs
of characteristics elicited from the data, implies the
possibility of varying degrees of overlap between the individual
sets in a pair, and between pairs. The use of strongly bounded
poles would not only limit such overlap, but would also not
reflect the varying perceptions encountered in the data. I
suggest that strongly defined poles would reflect an autocratic
epistemology relating to the focal concepts. This may well
be the case for 'academic science', the 'received version' of
chemical knowledge. In this study however, I am dealing with
personal epistemologies, or as I would prefer, personal
perceptions (I am not certain that many, if any, of the
research participants had rationalised their ideas sufficiently
to warrant the term personal epistemology). Personal perceptions,
by definition, must be to some degree idiosyncratic. Only
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when there is an element of congruence in people's thinking,
can one claim that their ideas 'overlap'. The three postulated
perceptual polarities represent, I suggest, a degree of
congruence associated with the participant~ thinking
about particular characteristics of the focal concepts.
7·4·2 These perceptual polarities may be seen as three
dimensions relating to the focal concepts - the dimensions of
size (macro-micro systems), of numeration (qualitative -
quantitative approaches) and of conceptualization (kinetics -
equilibrium). This multi-dimensional quality of the focal
concepts may be represented diagramatically (Diagram 18) :-
o postulates
Macro-
systems
(energetic
explanations)
Micro-systems
(mechanistic
explanations)
Qualitative
approach
(molecular
modelling)
Quantitative approach
(mathematical
modelling)
Equilibrium
(thermodynamics)
DIAGRAM 18: Focal concept dimensions.
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The choice of orthogonal axes in relating the three postulated
polarities derives from the use of fuzzy sets. Each of the
six of the identified fuzzy sets can conceivably shade into
any of the other five, irrespective of pairing, to some degree.
The most effective way of representing this would be as an
octahedral arrangement of the fuzzy sets, and this demands
orthogonal axial directions (Diagram 19):-
Kinetics
I
I
".,..,.-
,;'"
Macro-,....",
".,..
".,.."""system
,.-,.-
<,Quantitative
<,
DIAGRAM 19: Inter-relationship of fuzzy sets.
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The choice of spheres to represent each fuzzy set is totally
arbitrary, and a matter of pictorial convenience. I think it
would be wrong to assume these fuzzy sets had any particular,
regular or even static basic 'shape', either for individuals
or for groups, though on the evidence of the research data
it is possible to suggest a localised centre for each group
of ideas.
7'4-3 Such an octahedral arrangement may now be seen as
occupying a perceptual space based on the three postulated
dimensions. This can be approximated to a volume whose
dimensions will depend on the size and shape of the fuzzy
sets. Without further information or evidence of these sizes
and shapes, I intend to generalise this situation and suggest
athat the perceptual space is notionally seen to beLsphere of
radius sufficient to enclose the octahedron of fuzzy sets
(Diagram 20). This generalised perceptual space model will,
for individuals, be context-dependent - an issue discussed in
7·5·3 (et seq).
Kinetics
:-licro-systems
(mechanistic explanations)
Macro-systems
(energetic explanations)
/ ...
Qualitative
approach --
(molecular
modelling)
I / /
-)~-
/ I ,- Quantitative
approach
(mathematical
modelling)
Equilibrium
(thermodynamics)
DIAGRAM 20: Generalised perceptual space model.
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The perceptual space model generated in this way is an
abstraction from the perceptions recorded through interview.
To see how this relates to individual's perceptions, it is
interesting to speculate how individual's notions may 'occupy'
the perceptual volume.
7'5 Personal understandings.
7·5·1 At this point I wish to return to the thinking modes
described in 7·2'3. The characteristics of the Tn and Tp
thinking modes were given in outline in Table 10, p 90 , and
are repeated here for clarity:-
T n Tp
1. Knowledge unified by 1. Knowledge unified by
superordinate principles processes of chemical
of thermodynamics. interaction.
2. Kinetics and equilibria 2. Kinetics and equilibria
seen as separate, almost seen to be fundamentally
isolated areas. related areas.
3. Energetic/mathematical 3. Molecular/mechanistic
mode. mode.
4. Intellectual elegance 4. Practical application
rated highly. rated highly.
Whilst these descriptions reflect the evidence in the data,
they do not allow an easy correlation with the perceptual space
model. The characteristics of both Tn and Tp may be restated,
'" 'f' h .. h· 1however, to accqrnodate a more uzzy c aracter1st1c, w 1 st
remaining within the conceptual framework.
(see next page)
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Tn Tp
Noetic thinking
l
Concentration on
quantitative aspects
!
Move away from
molecular/pictorial
thinking /
Pragmatic thinking
~
Concentration on
qualitative aspects
~development of molecular/
pictorial thinking
~ Mechanistic
explanations
of molecular
behaviour which
can be predictive
in qualitative
~
Mathematical algorithms
!
Basis for a better
understanding of
methods of
Precise description
involving thermodynamic
explanations, of macro- ~4~---
systems, providing high
quality computational
ability, and high
predictive capability.
quantification
and their value
for, and extension
to, macro-systems. terms at a
micro-level.
7·5·2 Such a restatement, which I believe is still justified
in terms of the data, indicates points of contact with two of
the perceptual polarities. The Tn mode shows congruence with
the quantitative (mathematical modelling) and macro-system
(energetic explanations) fuzzy poles. The Tp mode shows
congruence with the qualitative (molecular modelling) and micro
systems (mechanistic explanations) fuzzy poles. It is possible
therefore to suggest that each thinking mode is focussed on a
different part of the perceptual space. This can be represented
diagramatically as in Diagram 21 (p139 ) though it should be
stressed that the planar interface between the Tn and Tp
volumes is a matter solely of diagrammatic convenience. In
adopting the fuzzy set principle, this interface should more
properly be seen as a gradual change from Tn to Tp, or even a
zone of 'co-existence' - and it will be remembered that some
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evidence exists for such a complementary situation.
Qualitative approach
(molecular modelling)
macro-systems
(energetic)
Kinet"cs
Tp
icro-systems
(mechanistic)
-.1--- Quantitati ve approach
(mathematical modelling)
Tn
Equilibrium
(thermodynamics)
DIAGRAM 21: Thinking modes and perceptual space.
7·5'3 Using the speculative scenario developed in Diagram 21
it is possible to predict that an individual who solely uses
Tn thinking would have a perception of the focal concepts which
was developed from a macro-system (energetic explanations) and
quantitative (mathematical modelling) approach, with little
emphasis being given to mechanistic explanations and molecular
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modelling. Conversely, an individual solely using Tp thinking
would emphasise mechanistic explanations and molecular modelling
at the expense of energetic explanations and mathematical
modelling. In this theoretical situation it is being taken
that both the focal concepts are being perceived with the same
thinking mode. Put another way, the 'plane' separating Tn and
Tp in Diagram 21 is vertical, and inclusive of the kinetic/
equilibrium axis. If such a situation was evident among the
research sample, then the assumptions being made here - namely,
that the thinking mode used:-
a) provides occupancy of perceptual space
and b) provides occupancy of a restricted volume of perceptual
space
may receive credibility.
7'5·4 A review of the thinking modes used by all the research
participants, for each of the focal concepts, revealed that
two (A, Q) used Tn almost exclusively for both kinetics and
equilibrium, whilst four (I, K, H, P) used Tp almost exclusively
with both the concept~. The sort of stateme~ts made by A for
example, were 'I would want to develop some quantitative
expression which related rate to factors such as concentration""
(kinetics), and 'equilibrium studies tend to be engendered by
thermodynamics' [TR 1 edit; lines 30 and 69] - both Tn generated
statements. Participant M used Tp generated statements such
as 'well, it's A plus B reactingto give C' (kinetics) and 'I
visualise that as being essentially the same, I mean all
reactions are in principle reversible' (equilibrium). It
would be wrong to give the impression that participants A and
Q ~ used Tn, whilst participants I, K, M, P ~ used Tp.
The fuzzy set characteristics of their perceptions were apparent
in 'lapses' into the alternative mode or a combination of both,
However, their prime perceptual characteristics fitted
reasonably well with the speculative scenario represented in
Diagram 21.
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7 ·5· 5 Other scenarios are also feasible, depending on where
the interface between Tn and Tp falls within perceptual space,
or even whether an interface exists at all.
further scenarios in diagrammatic form:-
Diagram 22 provides
Tp KinellC5
(a) Inclined
"i'ii'tHTaCe (I)
Qualitative ----t
Unetica - Tp
Equ1l1brh. _T"
,~ Qu.nt'lU1tiY.
Tp
Tn
[quili brlu.
kinetJrs - Tn
Equ,libriu. - Tp
Qu.htatlVe
Tn
Equillbri ...
Itn.tica
Tp
Quallt.ll .... -t
(c) 110 ,nurf.ce
1,,,.lIC.
Tn/Tp
£qui I,b"u.
Macro
Tn
... ,l.ble
for
bot II
[qu,I,brlUJII
DIAGIAIt 22: Occupancy scenarlOs_
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A further review of the thinking modes used by the participants
revealed that five (D, E, S, T, X) exhibited perceptions which
could be described by Diagram 22(a), one (L) by diagram 22(b),
whilst none fitted 22(c). Other situations did exist, however;
for example:-
Participant
B
N
o
R
Kinetics Equilibrium
Tn/Tp Tp
Tn/Tp Tp
Tn/Tp Tp
Tn/Tp Tp
Tn/Tp Tn
Tn/Tp Tn
Tn Tn/Tp
Tn Tn/Tp
Tn Tn/Tp
Tp Tp/Tn
V
AA
F
J
y
z
In such cases, the diagrammatical representation would require
a non-planar interface; for example, for participant B:-
Kinetics
Tp Both Tn and Tp
available for
Kinetics.
Only Tp available
for Equilibrium.
Qualitative 1--- Quantitative
Tn
Equilibrium
DIAGRAM 23: Conceptual space with non-planar interface.
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7·5·6 It would be far too simplistic to accept these
diagrammatic representations as 'maps' of each individual's
perceptions of the focal concepts. Apart from the fact that
a far larger research sample would be required to provide
significant numbers within each scenario, before more than
tentative insights can be drawn, the nature of the scenarios
themselves must be considered. It cannot be wise to attempt
rigorous definitions from 'fuzzy' models. The purpose of
sketching out these scenarios, and attempting to link them
with the way participants have represented their perceptions,
is pictorial, not definitive. In this sense, the scenarios
are illustrative of any argument that the thinking mode used
provides occupancy of perceptual space; the extent of
occupancy equates broadly with an individual's understanding
of the focal concepts. In an ideal situation, an individual
would 'fill' the whole perceptual space with both thinking
modes. In cases where partial, perhaps fragmented occupancy
occurs, understanding is partial and fragmented. Assuming
that my argument is accepted, the questions arise as to why
only partial occupancy occurs, what effect this has, and what
may be done to improve the quality of occupancy.
7·5·7 Within the data, there are clues as to why partial
occupancy occurs, leading to partial understanding. Further,
various comments indicate what effect this may have for the
individual. Both these points will be discussed more fully
in Chapter 10 It may not have escaped the reader's attention
that so far no comment from the 'student' group of participants
~
has been included. This has been largely due toLpoor quality
of the ideas expressed concerning the focal concepts. It is
my belief that this is a result of poor 'occupancy factors',
and the following rather longer extract, is a good example of
this. Three postgraduate chemists on a Postgraduate Certificate
in Education course are talking:-
I: ... what do really think are the main ideas that are - concepts
if you like - that are within reaction kinetics, and what does the
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chemist use reaction kinetics for?
WI: (inaudible).
I: This is an open question so you can negotiate the ideas between
yourselves if you like - I don't mind.
W3: Determining the speed of a reaction.
W2: Yes. (inaudible).
W3: That's right.
W2: How you can alter the rate of reaction.
W3: Finding the best possible route.
W2: And like in the food industry and things like this - yes.
I: So reaction pathways.
W3: Mm!
W2: The slow - the slow - well I suppose (inaudible)
W3: - and the most economical - pathway.
I: Anything to add to that (to WI)?
WI: No - I agree with most of that (laughter) - very diplomatic!
I: Previously, you've all mentioned mechanisms - is that important?
W2: You've got to look at the mechanisms before you can, sort of,
work out --
I: The pathways?
W2: Yes - and then how you're going to affect them - how you're going
to slow them down or - speed them up.
I: Do you get involved in catalysis to any great extent?
W2: (pause) Could do!
I: You - it doesn't ring bells? That-is it where you came into contact
with things like catalysis?
WI: Well, came - yes - came into contact with it -
W2: Yes.
WI: - in kinetics in catalysis. Very important in biochemistry
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obviously - erm -
I: O.K. Well let's switch from that and ask the same thing with
regard to chemical equilibrium - what would you say is the main concept
behind - or the concepts involved in that, and what's the main value
of it to the chemist? (long pause)
WI: Uh hm!
W3: Yes!
(further pause)
W3: See, you don't tend to think about these things when you're in
your degree course!
I: Why not?
WI: Well - it's the way it's put over. No - equilibrium, I think
my main concept is the - erm - having the knowledge to actually predict
you know what would actually happen, whether a reaction is likely to
occur and so on - and - in what direction it will proceed - that's
part of it anyway! Er -
W3: Where you attain equilibrium.
I: What is equilibrium?
W3; It's sort of ions in equal concentration with a solution or a
solid (laughter).
W2: You can see we haven't done much in chemical equilibrium! It's
not as -
W3: It hasn't stuck!
W2: - I can remember kinetics - not very well, but - I could talk
more, much more about kinetics say than I could about equilibrium.
[TR 23: lines 334-392]
Whilst the extract speaks for itself, to be fair to participants
WI, W2 and W3, the rest of the interview was much more articulate,
and contained much useful information on other points. At
this juncture however, to compare the articulation of higher
ed ucat ion tea cher s, and ind u stria I pnsc.t;, 1::(0 ..... ("s (w h0sec 0mmen ts
have formed the basis of the arguments in this chapter) with
that of recent graduates, may well be very significant. I
believe this has much to do with the long-standing schism of
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theory and practice in education, a matter discussed in 8·4·4.
It also relates to consideration of the third question arising
from the perceptual space model, 'what may be done to improve
the quality of occupancy?' -(or put another way, how does a
'student' become a 'pr~~tc~.~r' in terms of coherence of
understanding?) - undertaken in Chapter 10.
* * *
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Chapter Eight
Relevance in education.
In which the concept of relevance is discussed, and
applied to the special case of chemical education.
8'1 Mismatch?
8·2 The nature of the problem
8·3 A triadic model of relevance
8·4 Decision environments
8·5 Relevance limits
8·0
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CHAPTER EIGHT.
8. RELEVANCE IN CHEMICAL EDUCATION.
'The world is not a fixed, solid array of objects,
out there, for it cannot fully be separated from
our perception of it. It shifts under our gaze it
interacts with us, and the knowledge that it yields
has to be interpreted by us. There is no way of
exchanging information that does not demand an act
of judgement.'
* *
Bronowski (1976) p364
*
8·1 Mismatch?
8·1·1 As described in 7·1·4, two major sub-sets of statement
categories were discernable in the data from analysis. Sub-
set 2 indicated considerable concern with the effectiveness
of chemical education courses in higher education, and 19 out
of the 24 transcripts which had clear statements in this area,
contained pejorative comment (ie.79·0%). Effectiveness, of
course, is a matter of judgement and thus highly subjective.
However, many of the comments contained within those 24
transcripts addressed very similar criticisms; these were
grouped in two main areas:
a) a lack of relationship between chemical knowledge
presented in physical chemistry courses and how that
knowledge is applied in practice.
b) teaching methods.
A comment exemplifying both the above, and which is typical
of many, comes from participant Q. Whilst clearly enjoying
a little hyperbole, Q makes the points clearly:-
Q: --- the overall feeling that I got from university courses was
that there was the chemistry department - very much, erm, theoretical
to an excessive point --- what would happen is, you used to go into
the lectures and there used to be about, I don't know, 100 people in
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the lecture and the guy would get out his chalk and then he would
produce these equations and these differentials of equations --- then
there was the inorganic chemistry lectures as well, which again was,
erm, if you learned you know like the periodic table --- like organic
chemistry, if you learned the behaviour of these particular groups
of alcohols and ketones etcetera, then you would pass the exam. ---
you know you used to be really impressed by the guy that could come
out and produce these thousands of equations on the board, but what
use they were - in fact I never realised until I started working!
[Tr 17: lines 111-145]
There is some indication here of an element of mismatch along
a 'knowledge acquisition - knowledge utilization' dimension.
It is this polarity that will form the basis of discussion in
this chapter. The questions of teaching methods will be dealt
with later (Chapter 10).
8·1·2 In contrast with claims of 'irrelevance' made during
interview, is the image projected by course Prospecti.
For example:~
'Chemistry has been rightly called the 'central science', and it
prepares you for a variety of careers in industry ---'[B.Sc. Chern. Hons.].
University of East Anglia, 1984/85
Prospectus p20.
The university offers a B.Sc. in Applied Chemistry which is
'bolstered by the addition of matter especially relevant to
anyone whose career is likely to be on the manufacturing side of
chemical industry.'
University of Kent, 1984/85 Prospectus
p C18.
The B.Sc.[Chem. Hons.] course '--- provides a balanced and critical
appreciation of theory and practice --- together with instruction in
the principles of chemical technology --- [and includes a study of]
chemical operations on an industrial scale.'
Bradford University, 1984/85 Prospectus
p 91.
The B.Sc.[Chem. Technology] '--- is of particular use to those seeking
employment in the various areas of chemical manufacturing industry
as opposed to purely scientific or academic research.'
Brighton Polytechnic, 1984/85 Prospectus
p 102.
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8·1·3 These examples were culled from a selection of 15
University and Polytechnic Prospecti, chosen at random, and
are generally representative of the sentiments expressed in all.
Whilst being cautious about the extent to which one may read
inferences into publicity statements, I feel confident in
suggesting that:-
a) many chemistry courses in higher education have as one
major aim, a vocational utility.
b) such statements raise expectations in the minds of
potential undergraduates concerning that vocational
utility.
Despite the caution offered above, I believe there is also a
'second level' of inference that can be drawn from such
prospectus statements. I find it interesting to note, for
example, that Bradford University B.Sc. courses offered a
'balanced and critical appreciation of theory' but only
'instruction' in chemical technology. Could this be a value
judgement on the relative merits of theory and practice?
Further, the University of Kent suggest that the 'addition of
matter' (whatever that may mean) to their courses renders them
'especially relevant' (my emphasis). It could be argued that
behind these statements lies a world of academic control of
knowledge which by simple processing ('instruction', or 'addition
of matter') produces vocational relevance. In view of the
transcript evidence, it would seem that either my inference
concerning 'simple processing' is non-substantive, or the
vocational relevance achieved does not match the expectations
raised, a point to which I shall return (Chapter 9 ).
8·2 The nature of the problem.
8·2'1 What is educational relevance? Why is one thing more
relevant than another in an educational process? According to
the Oxford Dictionary of Etymology (1966), the word 'relevant'
is probably of legal origin, and was not in common use in
England before 1800. In derivation, it seems to stem from the
mediaeval word 'relevans', related to the Latin verb 'relevare'
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(to lighten, or relieve, involving the notion of helping)
[Chambers Twentieth Century Dictionary (1983)]. Websters
Third International Dictionary (1961) suggests that a thing
is relevant when it has a connection, especially a logical
connection, with a matter under consideration. A commonly
recurring dictionary definition of relevance would read some-
thing like:-
Relevance: the fact of being related to the matter in hand.
Roget's Thesaurus (1980)
This seems much like commonsense, but is not a particularly
helpful definition for educational purposes. We need to know
more than the definition gives. For example:-
* What is being related to the matter in hand?
* What is the matter in hand?
* In whose hands is it?
Why is it being related?
What is the nature of the relationship?
*
*
Relevance, therefore, at this general level is a multi-faceted
factor, and its application to the field of education therefore
requires further inspection.
8.2·2 Peddiwell (1939) in his satirical observations on 'the
curriculum', raised questions concerning the relevance of
education to societal needs. In his book 'The Saber-tooth
Curriculum', he portrays the problems associated with the
conservative teaching of skills which were rapidly becoming
irrelevant as the conditions for the survival of the community
changed. Such a picture of education losing touch with the
needs of society is perhaps of even greater cautionary
significance in today's fast changing world. However, it is
only part of the picture since his tale involves the relevance
of education. We must also consider relevance in education.
8·2·3 In discussing relevance - 'that thumb-worn symbol in
the modern debate about the relation of education to man and
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society' - Jerome Bruner (1974) notes two meanings of the word:
'The first is that what is taught should have some bearing on the
grievous problems facing the world, the solutions of which may affect
our survival as a species. This is social relevance. Then there is
personal relevance. What is taught should be self-rewarding by some
existential criteria of being 'real' or 'exciting' or 'meaningful'.
The two kinds of relevance are not necessarily the same, alas.'
p 130
Bruner's identification of social and personal relevance form
linked aspects of relevance for education. Social relevance
relates to the relevance of education, personal relevance relates
to relevance in education. This conjunction is expressed
clearly by Bruner thus:
'Relevance in either of its senses depends upon what you know that
permits you to move towards goals you care about. It is this kind
of 'means-ends' knowledge that brings into single focus the two kinds
of relevance, personal and social. It is then that we bring knowledge
and conviction together ---'
p 131
8·2·4 One problem with such an analysis of the use of 'relevance'
in an educational context is that it remains a broad generalisation.
The relevance £f education (relevant education) can embrace
some wide-ranging alternatives. Withey (1975) has expressed
this clearly:
'To some it [relevant education] will be the long-sought-after formula
by which 'equality of opportunity' can be made meaningfvl, namely to
provide for each student a programme that is relevant to him. To the
'child-centred' educationist and the progressive the principle of
making classroom activities relevant to the child will be highly
congenial. Parents, with their feet on the ground and their eyes on
their child's employment prospects, or concerned perhaps at his
apparent ineducability, might feel that if only the schooling could
be more relevant to the child all might after all be well. Politicians,
administrators, and economists may feel more assured if the educational
programme offered in the nation's schools can be described as being
relevant because this has a ring of practicality about it, and seems
a better return for one's vote and one's money.'
p 168
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However, a great benefit of Bruner's assessment is the notion
of bringing 'knowledge and commitment together to produce
something that is ' 'real' or 'exciting' or 'meaningful' • The
relevance £i education, by implication, involves the learner
who should see some relevance in education. In this way the
learner, through personal commitment to acceptable educational
goals can produce learning which is qualitatively different
from skill and knowledge acquisition alone. The tapping of
internal motivation can result in an 'affective commitment'
which is well expressed in the words of the eminent physicist
Isidore Rabi,qouted in Bernstein (1979)
'We don't teach our students enough of the intellectual content of
experiments - their novelty and their capacity for opening new fields.
If you follow a theorist, you come in and say, 'Now what shall I do?'
and then you do it , and come back and say, 'What have I done?' I
don't know why people work that way. My own view is that you take
these things personally. You do an experiment because your own
philosophy makes you want to know the result. It's too hard, and
life is too short, to spend your time doing something because someone
else has said it's important. You must feel the thing yourself -
feel that it will change your outlook and your way of life. You
must bring it back to the human condition, the human expression -
much closer to what the artist is supposed to feel.'
p 87
8·2·5 Withey (1975) looked at the usage of the word relevance
in his attempt to analyse its value in an educational context.
He isolated two qualitatively different uses. On the one hand,
we have the case where A is clearly pertinent to B; a direct,
obvious and logical relationship which is readily accepted
without argument. This use, which he terms 'propositional',
when extended to education, generally relates to content or
organisation (or both). On the other hand, we have a usage
of 'relevance' in which it is possible to argue for or against
the suitability or acceptability of A in relation to B. Withey
calls this the 'evaluative relevance'. The implication of
evaluative relevance is that criteria for judgement must be
required, and hence justifications are involved. I believe
this forms the basis of a clear distinction between relevant
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education, which largely involves propositional usage, and
educational relevance which primarily involves evaluative usage.
There is a parallel here to be drawn with educational aims and
objectives. We may consider the aims of an educational process
as being obvious anduncontroversial. The objectives of courses
within that process will define strategies and tactics for
achieving those aims, and this is a far more controversial
matter. In similar vein, chemical education in the modern
industrial/technological age may be seen as relevant education;
whether the processes of such chemical education have any
educational relevance may well be a qualitatively different
argument.
8·2·6 Withey's ideas are, to my mind, much more useful in
attempting to understand relevance in an educational context,
particularly in terms of relevant education and educational
relevance. It may be taken as almost axiomatic, for example,
that a knowledge of oxygen is required when trying to understand
combustion, an instance of propositional relevance. We might,
however, consider whether a knowledge of the electronic
configuration of oxygen is necessary for an understanding of
combustion. Presumably one criterion involved in deciding upon
the suitability of introducing electron configurations would
be the level of understanding deemed necessary. Evaluative
relevance is thus embedded in a 'decision environment', which
will itself be dependent on the various values, assumptions
and justifications held by those who have to make such decisions.
Personal and group perspectives will therefore be highly
significant in determining what is educationally relevant.
Also decision making skills become important, a pOint to which
I will return in Chapter 10.
8'2'7 Where propositional relevance is involved, it would
seem likely that differences between individual's or group's
'decision environments' are minimal, or to put it another way,
there will be high congruence between perspectives. The notion
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of relevance thus becomes (apparently) unproblematic:
'The question of relevance (resticted to a limited sociological
relevance - that is,what is particularly useful and important to an
individual in our society now) is somewhat easier to resolve.---
One of the main effects of considering relevance as a criterion for
selecting for the curriculum will be for schools to avoid treating
knowledge in an entirely abstract and theoretical way, but to relate
it to the real everyday world.'
Lawson (1973) pISS
orignal emphasis.
Here, there is an assumed propositional characteristic in the
relevance discussed. A similar usage permeates much of the
literature relating to chemical education. [see, for example,
Bishop (1977), Kolb and Taylor (1980), Haensel (1982)].
8·2·8 Evaluative relevance, however, is somewhat more
problematic, as Knamiller (1984) has pointed out. In discussing
the problems associated with attempts to make science education
relevant in developing countries, Knamiller talks of the
'relevance dilemma' in which relevant education means different
things to different people. A particular approach to organising
and operating science education may be seen by the 'outside
observer' as a direct assault on poverty and unemployment. To
the 'inside consumer' it may be taken as the only available
means of improving personal living standards. These two views
need not be compatible, and can even be mutually counter-
productive. A student rush to get on the 'science band-wagon'
could lead to economic difficulties within the educational
system and poor quality output, with neither the 'outside
observer' nor the 'inside consumer' having their expectations
met. This draws attention to the need to understand the views
and expectations of those who are involved in a relevant
education process, in order that educational relevance may be
explicit. Without such explicit understanding there is a real
danger that one view (from perhaps one group) may predominate,
and produce pseudo-relevance [Mayhew and Ford (1971)]. For
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example:
'students are willing to put up with considerable drudgery and not a
little nonsense in science classes because scientists have convinced
them that drudgery and nonsense are necessary for something the
students ultimately want.'
p 167
8·2·8 This general sentiment was echoed in the interview data
as exemplified by participant L:
L: --- at university your head is absolutely swimming with equations
how to invent a matrix, and all sorts of daft things like that
help you pass exams. And I say, 'all sorts of daft' advisedly,in that
the exams are, well - even now, the best method you've got of testing
what somebody knows --- but the difficulty of passing exams has got
no relation to the actual difficulty of doing a job in industry.
Obviously you need to pass the exams, but the relevance shifts quite
significantly after that certain date.
[TR 12: lines 221-235
category SO : my emphasis]
Pseudo-relevance may easily be confused with propositional
relevance in highly authoritarian situations, such as examination
dominated courses. The 'true' relevance may thus be revealed
at a later time.
8·2·9 Whilst deliberately avoiding a deep philosophical
discussion of the meaning of relevance, since that, in my view,
would not be germane to the purpose of this inquiry, I have
tried to argue that:-
a) there is a distinction to be drawn between relevant
education and educational relevance. The former is often
grounded in a propositional form of relevance that is
largely uncontroversial through social convention,
tradition or belief. The latter involves an evaluative
form of relevance that requires decisions by groups or
individuals, based on various assumptions values and
justifications.
b) evaluative relevance should require explicit statements
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concerning the nature of that relevance, so that
discrepancies between differing perspectives can be
accommodated. Otherwise situations such as 'relevance
dilemma', and 'pseudo-relevance' can introduce disharmony.
8·3 A triadic model of educational relevance.
8·3·1 I would suggest that propositional relevance is largely
involved in the constructionof courses, and thus becomes the
professional preserve of the educator.
suggested:-
As Jevons (1969)
'educators are probably well advised to focus their attention on the
things with which they have most direct contact ---. The more
immediately relevant factors to consider fall into three broad classes
- thoseJrelating to the subject, to the students and to their
prospective careers, respectively.
So the ideal educator, the paragon of all educational virtues, combines
an easy mastery of his subject with a profound understanding of his
students and a keen awareness of their career prospects. He has to
arrive at some kind of synoptic view of all these in deciding what
and how to teach.
p 132
As can be seen, there is really only one decision environment
in this model, that of the educator.
8·3·2 It is thus the educator's professional and personal
judgement that is evaluating the relevance of both course
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content and structure for the student (personal) and a career
(impersonal). It is then open to the student to accept or
reject such 'given' relevance. The employer who provides the
career, and the practitioner who builds the career seem to have
no part to play in constructing educational relevance. Whether
the educational relevance given by the educators to such courses
is propositional or evaluative, it must operate on at least
two levels:
a) personal relevance, ie. whether or not the individual
sees merit in what he is being asked to do in terms of
personal objectives.
b) instrumental relevance, ie. whether or not the course,
its organisation, its content and teaching methods are
seen to have merit in terms of its aims - whether they
be either explicit or implicit.
Jevons'model not only concentrates on only one party to an
educational process, it takes no regard of personal and
instrumental relevance. This I believe is a recipe for pseudo-
relevance, producing propositional relevance where evaluative
relevance should exist.
8·3·3 To avoid the shortcomings of Jevons' monadic model, I
am proposing a triadic model which I am confining to the field
of evaluative relevance. The evaluative characteristic thus
implies that chemical educational relevance will depend upon
whose perspective is involved in making decisions about it.
Such perspectives will differ for a variety of reasons dependent
on the values, judgements etc., each incorporates. In contrast
to Jevons' monadic model, I suggest that three main groups
(acting either in concert, or as individuals) will have
distinctive justifications for chemical educational relevance:
a) Chemical educators; by whom I mean those teachers who
assume a professional role of introducing others to the
knowledge and processes of chemistry in an educational
context.
b) Chemical pra(.~aC:tlt\e..rs;by whom I mean those who assume
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a professional role of applying chemical knowledge and
processes in an industrial or commercial context.
c) Learners; by whom I mean those students who are
endeavouring to master the knowledge and processes of
chemistry for whatever reason, within an educational
institution .
Each of these groups will work within its own decision
environment, and have views on educational relevance which will
involve both personal relevance and instrumental relevance.
In accepting Bruner's notion that relevance in either of its
senses depends on 'what you know that permits you to move
towards goals that you care about' (quoted on P 152 ), then
instrumental and personal relevance together produce optimal
conditions for educational relevance.
diagrammatically (see p 160 ).
This can be represented
8·4 Decision environments.
8·4'1 That there are differing visions of relevance is
indicated in earlier sections of this chapter (8'1) in which
an apparent mismatch along a knowledge acquisition - knowledge
utilisation dimension was discussed. The stated aims of higher
education as stressed through publicity literature did not
seem to match the experience of those who undertook the courses.
This would indicate that different factors are given priority
in the decision environments of educators and practitioners.
8·4·2 There are some very significant articles in the
literature discussing the importance of the focal concepts
(kinetics and equilibrium) within chemical education. Ashmore
(1965) wrote that:
'much more emphasis is being paid to rates of reaction in industrial
chemistry. Many pre-war processes were based on the attainment of
equilibrium conditions and paid little attention to kinetics.'
p 160
Jezowska-Trzebiatowska (1975) argued for the inclusion of
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decision decision decision
EDUCATORS LEARNERS
Assumptions
Justifications
Values
Assumptions
Justifications
Values
Assumptions
Justifications
Values
DIAGRAM 24: Triadic model of educational relevance.
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industrial chemistry in undergraduate courses, to be:
'directly connected with thermodynamics, kinetics and other fields
of chemistry.'
p 35
Later McGarvey and Knipe (1980) claimed that:
'a feature of modern introductory courses in chemistry is the
importance given to the study of reaction rates and mechanisms. This
is a recognition of the role that kinetics and mechanisms play in the
understanding of chemistry.'
pISS
There is a shift of emphasis in these quotations, from the
importance of the focal concepts within industry, to their
inclusion in undergraduate courses being justified on theoretical
grounds. This is not, I suggest, either accidental or an
artefact of selection from journal articles.
8·4'3 If one refers back to say, the 1950's, then discussion
of reaction rate and chemical equilibrium was frequently
approached through Guldeberg and Waage's Law of Mass Action
(originally propounded in 1879). In simplified form, this
approach followed the argument that, for a reversible reaction:
then applying the Law of Mass Action
Rate = K' [A][B]•
and Jate = K" [C][D]
at equilibrium Rat. Rate•
Hence K = k" [C][D]eq K ' [A][B]
(Rate Law)
(Equilibrium Law)
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Equilibrium was thus expressed as a balance of competing rates
[see for example Edelson (1975)]. Experimental evidence
suggests that few chemical reactions follow this simple
stoichiometric derivation, infrequently following the equation
so directly. The obvious experimental fact of the equilibrium
condition is constancy of concentration; however the relation-
ship between
stoic~ometry
that:
those equilibrium concentrations and the
is often far from clear. Ashmore (1965) noted
'Students should be discouraged from learning an outdated law which
is all too often presented as if it applied to all reactions'
p 160
Wright (1965) suggested that:
, -- a sound relation of the Equilibrium Law is being 'deduced' from
unsound premises, and a false conception may in consequence be
implanted in the minds of those taught.'
p 15
By rejecting the 'traditional' approach, Ashmore claimed that
the equilibrium expression:
, -- can then be derived by rigorous application of the laws of
thermodynamics without any consideration of the rate approach to
equilibrium or of equal opposing rates at equilibrium.'
P 161
8.4·4 This genuine concern that teaching should be based on
'sound premises' seems to have had two distinct side effects,
both of which depend strongly on epistemological justifications:
a) equilibrium studies have become subsumed into
chemical thermodynamics, as a special case of a wider
appraisal of the energetic characteristics of reactions.
b) Kinetics have become 'refined' to a high degree, in
attempts to unlock reaction mechanisms; the refinement
leading to complex mathematical modelling of reactions.
Perhaps this latter point is in response to Koenig(1965)
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equilibrium laws that were general and exact are deducable from
principles of thermodynamics --- the same laws would be deducable
also from principles of kinetics, if known with sufficient generality
and exactness.'
P 227
The result, it would seem, has been what might be called an
'epistemological schism', in which kinetics are treated
separately from equilibrium and thermodynamics.
Sjoberg (1980) have remarked:
As Chen and
'The differences between thermodynamics and kinetics are emphasized
in every physical chemistry textbook.'
p 458
8·4·5 The schism is however not just on a 'topic' basis, since
thermodynamic reasoning is based on:
, -- the ideas of physics and mathematics rather than on those of
chemistry; and on macroscopic physics and pure mathematics at that.
The physical content is that of a theory expressible in its entirety
in non-mathematical terms; and the mathematical background is
concerned more with a knowledge of what is integration than with the
evaluation of integrals.
Wright (1974) p 9
Kinetics on the other hand:
is concerned with the reaction mechanism,ie.,the sequence of
steps by which a chemical reaction proceeds, the rates of these steps,
and the factors, like nature of reactants, concentration, temperature,
and catalysis, which affect the rate.'
Mickey (1980) p 659
(original emphasis)
The effect of this approach to kinetics has been the generation
of increasingly complex mechanisms, as the complexity of the
systems under study grew. The difficulties involved in solving
the mathematical differential equations also grew.
Edelson was commenting:
By 1975,
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'The mathematics involved is so highly specialised as to be of limited
interest while the solutions are often so complex that they allow
little insight to be gained into the interrelationship of the various
component steps of the mechanisms. Furthermore they encourage the
investigator to force a proposed mechanism into a format for which
solutions are available rather than to allow chemical considerations
to predominate.'
p 642
8·4·6 Chemical education thus appears to reflect a major
concern for theoretical precision, and the logical statements
involved in structuring knowledge. Mathematical modelling
seems to playa key role in this concern, bringing with it an
abstraction from the 'reality' of interacting molecules. This
point is clearly made by Wright (1974), when discussing the
teaching of thermodynamics in the secondary school:
'Thermodynamics does not possess the virtue, occasionally attributed
to it, of providing a suitable underlying theme for a unified and
integrated treatment of the whole of chemistry. It has nothing to
say on the structural aspects of chemistry, and little on the kinetics
and mechanistic aspects.
As it does not involve particular molecular models (since the
equations are deducible by purely macroscopic arguments involving no
models at all) thermodynamics is a subject peculiarly unsuited to
elementary teaching. It exemplifies the importance of non-pictorial
theory in physical science - a topic almost certainly best reserved
for teaching in universities.'
p 10 (my emphasis)
Thermodynamics is valued for its 'non-pictorial theory';
kinetics seems to be the preserve of 'highly specialised
mathematics'. Molecular modelling thus becomes of
secondary importance.
that:
We are in the domain of noetic thinking,
'could well be seen as a result of the strong orientation of British
university chemistry courses towards the 'pure', theoretical side.'
Kempa (1985)
(private communication)
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It would seem that the 'decision environment' for higher
education has thus lead to a strong emphasis on content.
8·4'7 In discussing 'chemistry courses and the chemist in
industry', Freemantle (1975) suggests that a typical analysis
of a chemistry course would be:
(from Freemantle (1975)
p3)
DIAGRAM 25: A typical analysis of a chemistry course.
The first step is a breakdown into organic, inorganic and
physical chemistry:
, Yet the student cannot swallow any branch of chemistry all at once,
and so the subject matter is broken down into items such as 'the
Arrhenius equation', and 'the third law'. Once this stage is reached
the subject matter is collected in the form of a syllabus; the
solution to the problem 'how can we present chemistry to students?'
is the breakdown into isolated topics. The answer to the question
'What chemistry is being taught?' is in the collection of topics, the
resynthesised syllabus.'
p 2
In contrast Freemantle suggests that in industry and elsewh~~
where chemistry is being professionally practised:
, -- it is necessary to combine an analytical and a synthetic approach
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to work situations, problems and decisions.'
p 2
This process can be illustrated thus:
==-=.-::-:"'l"I - -(SOLUTIONI,
EvaluatIon
......• .
Components and
diSCiplines or
chemiltry course
o.. " Other. componen ..
and discipline,
(from Freemantle (1975)
p4)
DIAGRAM 26: The analysis of a problem and the synthesis of a solution.
As a result the recognition of such analytical and synthetic
processes may be more important than the components or content
of courses. This analytic-synthetic process is, it is suggeste~
'essential to the work of the qualified chemi~t iri industryJ.
8.4.8 This differentiation between 'theory' and 'practice',
or perhaps 'pure' and 'applied' chemistry has been expressed
clearly by Hughes (1975). In discussing the influences
affecting secondary school chemistry curricula during the
curriculum revisions of the 1960's and early 1970's:
'The curricula produced replaced trivial, outdated content with
contemporary modern knowledge and changed the learning approach from
one of amassing factual information towards developing an understanding
of the principles of chemistry and of the processes for achieving
scientific knowledge. The content moved towards physical chemistry
and physics and thereby became more rigorous and more abstract. From
the viewpoint of chemistry per se the courses were excellent.'
p III
However, he continues his argument:
, In recent years there has been a growing awareness of the theoretical
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bias and lack of technological or applied aspects in current chemistry
curricula. Although isolated attempts to remedy this imbalance have
be~n made over the years, it is only recently that the need to adapt
content and methods to the present-day demands of society has, to any
extent, been accepted.
That progress has been made is exemplified by a sprinkling of
articles in journals of science and technological education and the
widespread development of links between the major chemical industries
and individual schools.'
p 115
That similar changes were being considered at the higher
education level is also evident in the literature. For example,
Jones (1969) investigated the views of professional scientists
on the education of scientists in industry. Among the
suggestions made for course design were:
1. the desirability of a period of industrial experience
during industrial training.
2. the need for undergraduate course practical work to
reflect the work scientists do in industry.
3. greater emphasis on the applications of science to
industry.
4. the avoidance of creating a 'poor relationship'
attitude to industrial science compared with 'academic
research' •
5. greater contact between academics and industrialists.
Further interesting comment can be' found in Holliday et al
(1973), Jezowska-Trzebiatowska (1975), Hughes et al (1975),
Fensham (1976 b, 1985), Brock and Meadow (1977), Cottrell
(1978), Leach (1978), Kornhauser (1979), and Johnston. et al
(1981).
8·4'9 One feature I find interesting about the literature
relating to chemical education and chemical practice is that
approaches to teaching chemistry are rarely under review.
Content, syllabi, proportion of time given to other 'disciplines'
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(economics, management, etc.) are frequently reviewed. This
point is perhaps best exemplified by Stark,in the more recent
(1983) Report on a seminar 'Developing Professional skills
in Chemistry', held at the University of East Anglia. A view
from industry was provided, in which he selected three areas
in which skills were required:
A. Professional knowledge
B. Professional skills
C. Industry related skills.
'Professional knowledge' was elaborated in the report on one
page of an eleven page Appendix, as shown in Table 19:
Professional Knowledge.
CHEMISTRY
~I------------------~.~ Different branches.*
(facts/theories/principles/techniques .... )
organic
inorganic
organometallic
physical (including thermodynamics)
analytical, particularly modern
techniques.
* understanding of other scientific disciplines.
e.g. Biochemistry/biology
Physics
Electronics
Computing
Mathematics
Engineering and Chemical Engineering.
from Developing Professional
Skills (1983)
p 12: abridged.
TABLE 19: Professional Knowledge.
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This may be recognised as the basis of a 'standard' under-
graduate course. There was no attempt to analyse the chemistry
content more deeply for educational relevance. This is
compatible with my impression, gained from the literature, I
that chemistry course content is one of the 'given' features
of preparation for professional practice. Freemantle's
'analytic-synthetic process' may exist within this given
framework - there seems no reason why it should not- but the
evidence from the interview data suggesu that it does not.
Since the 'pnc~~c~.r' and 'student' group of interviewees
span a period from the 1940's through to the 1980's in higher
educational experience, it would seem that much has been
discussed to minimal effect!
8·4'10 The views contained in the interview data showing
concern for educational relevance reflect clearly the
predominance of a theoretical aspect. Participant C, talking
about the focal concepts said:
yo~
C: ---- If you knew you were going to use these things whenLget into
industry, or even doing post-doctoral or just graduate research, then
I think you would take far more interest in them - if they were .
presented in the realistic context with what they could be used for
and not just a series of numbers, you know, deriving a formula at the
end.
(TR 3: lines 180-186)
Category R
This lack of interest due to the lack of a realistic context
was echoed by participant S when talking about theoretical
chemistry:
s: I could not really get much relevance out of it - it seemed too
unrelated to chemistry as a practical subject --- unless I can see
the practical significance, I find it difficult to appreci~te why it
should be there really!
(TR 19: lines 103-114)
Category R
The concern with the 'realistic context', the 'practical
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significance' of chemistry is again expressed by participant T:
T: What really appals me is the way --- looking back at my experience-
the way none of these things [focal concepts] were related to reality.
They were just taught as separate entities, yes, and not really related
to genuine [chemistry] --- I could never see any use, as an organic
chemist, for statistical thermodynamics and some of the gas phase
kinetics and solution kinetics and stuff that we did. --- there have
been times when I wished I had appreciated it more, so I think what
really people who are teaching at university have to learn - to make
these things more interesting to people who are not interested in them
for their own sake.
[TR: 20: lines 257-274]
category T
The 'mismatch' between educational approach and practical need
was given a slightly different flavour by participant P:
P: It's one thing you do quickly learn from industry away from a
chemistry course at university, you know --- the old story; •••. the
old story; there, you get 9/10 for getting the method right - ba-born!
And with me, you don't get anything for getting the method right - you
get 0/10 for getting the answer wrong!
[TR 16: lines 426-431]
category R. original emphasis
All the above are chemical pN~tt~en~s, of ages ranging from
26-45.
8·4·11 The educator's viewpoint has been equally clearly
expressed. For example, from participant U:
U: but you're teaching a discipline. Not only is it interesting
for a start, one should know how things work if you're going to be
working in the area. But you can - and you often will - carry forward
some of those ideas, and you will use them later whether you think
about it or not, and I suppose that if one --- is learning chemistry
at the degree level you might not be interested in some aspects, but
you should know something about them.
[TR 21: lines 386-394]
category T original emphasis.
And, from participant AA:
AA: I think we've gone through a phase at all levels --- in which
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we have started very much from the hypothetical, the conceptually very
difficult, the microscopic world of atoms and molecules, and, sort
of, occasionally you reach the surface enough to say 'Oh, incidentally,
you know, there IS, something called~the·Haber process which·rela~eScto
thermodynamics and to chemical equilibrium'--- I can see why there
was a need to get away from the totally cataloguing, descriptive type
of chemistry, but it does seem to me --- that we've gone right
overboard in the opposite direction. The descriptive chemistry is
limited, and where it appears, it is not related to the chemistry of
the real material world so much as to the chemistry of particular
things that happen to be in bottles on the shelf.
[TR 27: lines 612-637]
category R.
Both U and AA are currently teaching physical chemistry to
undergraduates and postgraduates. A 'recent postgraduate'
response to the 'mismatch' clearly implicates teaching.
technique as a major factor (it should be remembered that this
was a group interview):
I: To what extent was the work you did tied to theoretical explanation
as opposed to saying how useful this is in practice ---?
W2: No, not in kinetics anyway.
W3: It was very theoretical. Well it was very biased towards the
theory, but we did get some idea as to application.
W2: I found that with all the courses, really, what you were first
saying. We never had time to sit down and think it through, 'cos we
were in such a - you know, get this done, exams at the end of each
term. We knew that it was going to be all the theory, and this maths'"
WI: Yes, but there is time, I mean, that's just the fault of the
course -
W2: You think so?
WI: Yes, there is time - it's approach.
W3: Yes, it's approach.
[TR 23: lines 513-530]
category T.
8'4'~ Since proposing a triadic model of education (Diagram
24, P160) based on a general analysis of the meaning and
usage of the word relevance, I have argued that:-
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a) There is evidence in the literature of a bias towards a
noetic perspective in the teaching of tne focal c-oncepts at
a higher educatipn level, resulting in abstract, non-
pictorial theorising, with a strong mathematical component.
b) There is evidence that industrial practice
requires an 'analytic-synthetic process' for use in
solving 'real' problems.
c) Where increased industrial relevance has been
suggested, there is rarely any attempt to do other than
add to, or substitute new material in, 'standard' chemistry
courses.
d) Research data would indicate weak educational.
relevance in courses which are strongly biase~ towards
mathematical abstraction and theorising, with a consequent
loss of 'reality'.
I have also suggested that this is a result of a separation
between theory and practice, often seen as· a distinction between
'pure' and 'applied' chemistry. If my arguments are accepted,
then there would seem to be little 'congruence between the
'relevance pe rspec t t ve' of the educator, compared with that
of the prackLt,of\er; due in the main to somewhat different
'decision envir6nfuents'. One major factor'i~ this difference
as related to the focal concepts of this inquiry (ie. a special
case of the general model) would appear to be a strong bias
towards a noetic mode by educators. I am suggesting here that
the educational experience provided for the learner may
condition 'thinking for understanding' in a limiting way - that
is, emphasis of the Tn mode, perhaps at the expense of the Tp
mode (s ee 8 •4 .5/6). Th est ron g dis sat isfaction wit h this bias
by chemical pt'.tc.4:-u::U)I\L('5;suggests that the use of both Tn and
Tp modes are important in practice, with deficient thinking
strategies possibly being remedied through work experience.
The effectiveness of courses seems in part to depend on the
extent of chemical 'realism' identified by the student, in the
work being undertaken, a point discussed further in Chapter 10.
r believe this to indicate dissonance between personal and
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instrumental relevance within the relevance model, and in the
~last section of this chapter, I will suggestLroot cause for
this dissonance.
8· 5 Relevance limits.
8·5·1 I have so far concentrated on the educator and the
pr6c1:U::-LOI\~in my argument. The reasons for this have been
clarified in 7·5·7 , but for the present I wish to continue
looking at these two groups, This particular inquiry can only
briefly inspect the components of the various decision
environments in my model; a detailed consideration could well
form the basis of an inquiry of its own. However from my
inspection of the literature, and the analysis of interview
data, the perceived mismatch between some of the proclaimed
aims of higher education and the perceived value of the courses
designed to meet those aims does seem to have substance. It
should be remembered at this point that I am concerned with
perceptions of educational relevance. It must be clearly
acknowledged that higher education courses in chemistry have
wider aims and purposes than pure vocationalism. [See for
example, Holliday et a1 (1973), Brock and Meadows (1977),
Leach (1978),Cotre11 A (1978), Kornhauser (1979), Johnstone
et al (1981)]. However, I suggest that the practitioner's bias
for rating educational relevance will be largely related to
value for professional practice. This is not, to my mind, the
same as vocationalism, which is a much more highly focussed
objective. 'Professional practice' may well entail many of
the wider aims of higher education in chemistry.
8·5·2 On the basis of my survey and analysis, I would suggest
that one significant difference between the 'educator' and
'practitioner' decision environments relates to the control
and use of chemical knowledge and the thinking and understanding
this engenders. I have indicated (8·4·12) my belief that
educators value a noetic approach to the focal concepts.
results from a high regard for the unifying power of a
This
174 8'27
thermodynamic approach to kinetics and equilibrium. and the
high precision obtainable through mathematical modelling.
Chemical practitioners, on the other hand, seem to find this
abstraction introduces an element of 'chemical unreality'.
This is well exemplified by two extracts from the interview
with participant N:
N: (talking about kinetics) •.• Yes, I keep seeing it in terms of
equations which I think is possibly not the right way of looking at
it - an equation with square brackets and rate constants and things
like that in, which is possibly rather an artificial way of looking
at it
[TR 14: lines 194-197]
category K.
N: Well, I suppose it ties up with this thing about the discrepancy
between theory and practice. It's all very well to look at equations
on a piece of paper and say 'these represent what is actually
occurring in there', but there seems to be some sort of discrepancy
between looking at something on a piece of paper and actually what's
going on in your 'reacting pot' as it were --- I have memories of
just learning things written on pieces of paper and trying to cram
in as much as possible --- without actually thinking about what is
actually meant in real terms, in terms of the actual reaction itself---
[TR 14: lines 220-236]
category RC, original emphasis.
8'5-3 The need for greater 'chemical reality' was expressed
by others also, For example, participant H when asked her
preference in using mathematical as opposed to molecular
modelling with the focal concepts, replied:
H: Personally, molecular. I think molecular is easier to actually
see.
I: By 'see' do you mean 'imagine'?
H: Yes, yes ..• understand.
[TR 8 edit, lines 152-154]
category RC,original emphasis.
The fact that molecular modelling introduced greater 'reality'.
and hence better understanding was a frequent comment among those
who raised this matter ( 8 of 10). There were also several (19)
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instances throughout the transcripts of the need for pictorial
(diagrammatic) thinking to aid explanation and memory. Together
with molecular modelling, the use of reaction profile diagrams,
analogies with 'energy hills', and so forth are clues to a need
for pictorial representation which Wright (1974) specifically
rejects (see p 164). Molecular modelling and pictorial
thinking are indicative of a pragmatic approach to the focal
concepts.
8·5·4 To see how important the ability to use Tn or Tp (or a
mixture Tn/Tp) thinking modes might be in the two groups'
decision environments, and hence the effect this might have on
educational relevance, a list was made of the thinking modes
used by each participant when talking about the focal concepts.
Table 19 (see p 176 ) shows this occurrence, broken down into
the two groups (educators, practitioners) and in terms of
kinetics and equilibrium. Since group sizes were not identical,
the number of occurrences of Tn, Tn/Tp or Tp for each group
were totalled and converted to percentages. These were then
plotted on a di~r~m, using a notional axis of Tn ---- Tn/Tp ---
Tp, as if the Tn and Tp modes formed the limits of a continuum.
The result is given in Diagram 27 (p 177 ). Whilst being
careful about how much may be read into such a quantification
exercise, I think it is reasonable to suggest that the higher
proportion of Tp thinking among practitioners is significant.
It is significant for two reasons: firstly, it is at the expense
of both Tn and Tn/Tp (in statistical terms) ; secondly, if my
premise about the higher value placed on Tn in higher education
is valid, the shift to Tp is all the more important - one must
assume that the practitioners started out 'clothed' as it
were in Tn bias. An immediate inference is that professional
practice also has a thinking mode bias, in this case toward Tp.
On the assumption that one must know something before applying
it, then it is possible to argue that knowledge acquisition
through higher education courses does not provide an important
ingredient of the professional practice scene. This may well
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Educator Practitioner
group group
Kin , Eq. Kin. Eq _
TRI Tn Tn TR2 Tn Tp
7 Tn Tn 3 Tn Tn/Tp
8 Tp Tn/Tp 4 Tp Tn
9 Tn/Tp Tp 5 Tp Tn
21 Tn/Tp Tn 6 Tn Tn/Tp
22 Tn/Tp Tn 10 Tn Tn/Tp
24 Tp Tn 11 Tp Tp
25 Tn Tn/Tp 12 Tn Tp
26 Tp Tn/Tp 13 Tp Tp
27 Tn/Tp Tn 14 Tn/Tp Tp15 Tn/Tp Tp
16 Tp Tp
17 Tn Tn
18 Tn/Tp Tp
19 Tp Tn
20 Tp Tn
N= 10
No of instances= 20
N= 16
No of instances= 32
Tn -- 9 of 20 = 45·0%
Tn/Tp -- 7 of 20 = 35·0%
Tp -- 4·of 20~= 20-0%
Tn -- 19 of 32 = 34·4%
Tn/Tp -- 60 of 32 = 18.·.8%
Tp -- 15 of 32 = 46·8%
TABLE 19: Tn, Tn/Tp, Tp frequencies.
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DIAGRAM 27: Plot of Tn, Tn/Tp, Tp freguences.
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be a limiting factor in evaluating educational relevance.
8· 5·5 This might be represented in terms of diagrammatic
'scenarios'. Accepting the postulate that the focal concept
'zone' entails two modes of thinking (Tn, Tp) and that
perspectives of educational relevance seem to relate to a
knowledge-application dimension, a generalised relevance
perspective can be envisaged thus: (Diagram 28).
focal concept
zone
DIAGRAM 28: Generalised relevance perspectives.
Particular relevance perspecti'ves may now be represented by
drawing in 'limits' derived from a person or group context
and thinking modes. For example, a person (X) whose sole
preoccupation with the focal concepts was the structure and
development of chemical knowledge, and who predominantly used
the noetic mode of thinking, only the area within the limit
drawn in Diagram 29 would carry significant relevance
focal concept
zone
DIAGRAM 29: Relevance limit for person (X).
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Alternatively. a person (Y) who was solely concerned with the
application of the focal concepts and who predominantly used
the pragmatic mode of thinking. would find the most significant
relevance in the area delimited in Diagram 30:
Focal concept
zone
DIAGRAM 30: Relevance limit for person (Y).
8·5'6 This idea can now be extended to incorporate the
quantification exercise described in 8'5·4 A rough 'plot'
of the percentages for the thinking modes would give the
following relevance limit for the 'educator' group (Diagram 31):
,
.-Tn~) ..
"" Application,
+-iTp---+
Focal concept
zone
.,,---._... ..
----,,'
DIAGRAM 31: Relevance limit for 'educator' group.
For the 'practitioner' group. I suggest the relevance limit
would look something like the following (Diagram 32):
Focal concept
zone
...
,";__Tp-+
\ .... .. ... -
DIAGRAM 32: Relevance limit for 'practitioner'group.
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The implication made here, and not unfairly I believe, is that
the educators are more 'knowledge orientated' than 'application
orientated', with the converse for practitioners. It would
be unwise to use these relevance limit diagrams for much more
than pictorial representation of ideas. However, it is
possible to speculate on an extension of these ideas.
8·5·7 Diagrams 29 and 30 presented theoretical relevance
limits for two persons (X) and (Y), who might be seen as
extreme examples of the educator and practitioner group
theoretical limits respectively. To obtain the optimal
conditions for educational relevance (8·3·2) then there should
be a high degree of congruence between the 'relevances' of the
three groups in the triadic model. Such a degree of congruence,
allowing for natural 'group bias' due to professional occupation
might be represented thus (Diagram 33):
'__Tn~
focal concept
zone
1Application}
/ ..'+--Tp~ . . .... ,/ .....
'. ,.",. . _". ....
• :'.:.:.:,.,',' --r;.~••••.,••"
DIAGRAM 33: Optimal congruence of perspective limits.
To achieve this degree of congruence would require
a) higher personal and instrumental relevance for a noetic
approach, from practitioners.
b) higher personal and instrumental relevance for a
pragmatic approach, from educators.
Both these points relate to a 'knowledge acquisition' orientation.
Put more simply, it indicates a need to change attitudes and
methodology with regard to the teaching and learning of the
focal concepts. Educational relevance may now be seen to be
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not just a question of appropriate content; it requires
content that may be used to foster appropriate thinking modes
in an appropriate context. The practitioner has moved through
the higher education phase, and must rely on work experience,
if there are deficiencies in this respect. The learner,
however, is in the 'knowledge acquisition through higher
p
education' phase atte~ing to meet the optimal relevance
condition. The implications for the 'learner' group having
its own specific decision environment, and how these ideas on
educational relevance may be related to an understanding of
the focal concepts using the perceptual space model, will be
discussed in Chapter 10. But first, the confirmatory
questionnaire must be introduced and discussed.
* * *
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Chapter Nine
Research Questionnaire.
In which the construction and use of a confirmatory
questionnaire is described, and the implications of the
recorded responses discussed.
9 '1 Construction
9'2 Distribution
9·3 Analysis
9·4 Inferences
9·5 Summary
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CHAPTER NINE.
9. RESEARCH QUESTIONNAIRE.
, This is not the end.
of the end.
beginning.'
But it is,
It is not even the beginning
perhaps, the end of the
* *
Sir Winston Churchill (1942)
(speech at Mansion House)
*
9·1 Construction.
9'1·1 The need far a confirmatory triangulation has already
been discussed (4'2'4). The choice of a questionnaire method
seemed appropriate. In contrast with the interviews, research
participants would be given an opportunity to respond free
from any 'personal interaction' effects. It also offered me
*the opportunity to seek clarification, as well as confirmation,
of the interview data. The importance of being clear in one's
mind about the purpose of a questionnaire, before attempting
a design, has been strongly recognised in the literature. In
particular, if statistical analysis is to be involved, the
nature of the statistics (inferential or descriptive)must be
decided. Various design decisions are therefore required to
ensure data of an appropriate quality are obtained. In the
case of this questionnaire, many of these decisions were
dictated by the context of its operation. For example:-
a) being a ~onfirmatory questionnaire, inferential
statistical analysis was not essential; this simplified
both overall questionnaire and individual question design.
(see 9'3·2)
b) the type of question involved would have to reveal
individuals' attitudes and perceptions; scaled attitude
questions thus seemed most appropriate, based on the
semantic differential principle.
------------------------------------------------------------------------* 'Confirmatory' is here being used in the sense given in 4.21 - 'concern
with some better understood social phenomenon'; it should be contrastedwith 'exploratory' inquiry.
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c) the source of the questions was defined by the interview
analysis to be confirmed.
The major decisions being faced in the construction of this
questionnaire were thus reduced to the areas of detailed
content and distribution. The eventual question design and
questionnaire format were strongly influenced by the extremely
helpful advice given by Youngman (1978).
9'1'2 In deciding on the detailed content, four points in
particular appeared to need consideration:-
a) should the questionnaire attempt to address either
'gaps' in interview analysis, or significant factors
arising from it, or both?
b) to what extent could any further information be derived
relating to the perceptual space model?
c) a major feature appearing during the analysis concerned
a lack of 'chemical reality' concerning perspectives on
the focal concepts; could this be inspected further
through the questionnaire?
d) could the questionnaire provide deeper insights into
the decision environments of the triadic model of
relevance?
The first of these questions - a general principle relating
to design - pointed to the need to include both 'gaps' and
significances. Of the other three more specific points, it
was thought that the perceptual space model could best be
checked by constructing questions relating to its three basic
postulates. The question of 'chemical reality' demanded an
'open' question in order not to constrain personal viewpoints.
In attempting to probe the decision environments, it was
decided to ask questions relating to personal perceptions of
undergraduate courses, and their design. Since it was not
the purpose of the questionnaire to analyse the focal concepts,
nor to assess participants' knowledge of them, it was decided
not to question them directly. It was thought necessary
however to include an opportunity for participants to express
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Factor Description Number %
A Personal attitudes to focal concepts 19 65-5
B Textbooks 2 6-9
C Relationship between focal concepts 29 100-0
E Perspective on equilibrium 26 89_7
El Effect of interview 3 10-3
F Importance of focal concepts 25 86-2
H Personal response to higher education 24 82-8
I Industry related experience 7 24-1
K Perspective on kinetics 27 93-1
L Influence on learning 13 44-8
M Mathematics related factors 20 69-0
N Nature of chemical reaction 1 3-4
P Personal philosophy of science 2 6-9
R Relevance of courses 24 82-8
RC 'Realism' in chemistry 10 34-5
T Teaching approaches in undergraduate chemistry 28 97-0
U Choice of undergraduate course 4 13-8
N-29
- - - - - -Q ~ - - - ~
Graph of rank order
N=29
Factor
TABLE 20: Percentage response of factors from analysis_
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their ideas about the focal concepts themselves, by including
open questions to this effect. Because the main purpose of
the questionnaire was to check on and help elaborate
individuals' perceptions, a direct approach to 'content
definition', though included, was not overstressed. This was
done by setting out my personal meaning for physical chemistry
and asking for structured comment from anyone who disagreed
with it. The questionnaire thus included a mixture of 'scaled
attitude' and 'open' questions.
9'1·3 For the basis of the questions, the frequency of
appearance of the analysis factors was consulted (see Table 15
pIll). The transcripts were then revisited, to ensure no
other significant points were omitted. The results of this
process are given in Table20 (p 185), as a percentage response
from the 29 transcripts, ignoring any sub-factors at this stage.
The need to contain the length of the questionnaire meant that
only the most frequently occurring factors could be considered.
It was therefore decided to operate a 'cut-off' of 60'0%,
below which the factors would not be included. This was
partly arbitrary, partly a result of a significant drop in
frequency between factors M (69'0%) and L (44,8%). Since the
interviews had involved direct questioning on the focal
concepts, and it was not the intention to perform a concept
analysis (9'1·2), factors e, K and E were no longer considered
as a basis for questions. The remaining factors of 60'0% or
greater occurrence (A, F, H, M, R, T) were then reviewed to
consider the importance of sub-categories. The results of
this further survey were:-
1. Factor A: Personal attitudes to the focal concepts.
Broadly separate into 'liked' (AI) and 'not liked' (A2).
:
Al A2 No comment Total
Number 7 12 10 29
% (of 29) 24·1 41·4 34·5 100
N=29 (number of transcr1pts)
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Of the 12 'not liked' comments, all expressed concern over
mathematics and over-abstraction. There is some specific
comment about theoretical chemistry not being 'real'.
2. Factor F: Importance of the focal concepts.
Comment No comment Total
Number 25 4 29
% (of 29) 86·2 13-8 100
Of the 25 comments:-
14 (56-0% of 25) stressed the importance of the focal
concepts in industry.
11 (44-0% of 25) made it clear that the focal concepts
were an important (if only background)
feature of their work.
3. Factor H: Personal response to higher education.
Comment No comment Total
Number 24 5 29
% (of 29) 82·8 17·2 100
Of the 24 comments:-
14 (58'3% of 24) said their undergraduate course was
disliked/badly taught/had little relevance.
4 (16·7% of 24) said their undergraduate course was
enjoyable/had some relevance.
6 (25·0% of 24) offered 'neutral' comment.
4. Factor M: Mathematics related factors.
Broadly separable into M1 Mathematical barriers to learning/
understanding
M2 Mathematics liked
M3 Mathematics not liked
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M1 M2 M3 No comment Total
Number 11 2 7 10 30
% (of 30) 36·7 6·7 23·3 33·3 100
Some participants commented under more than one sub-category,
and hence the total number of comments exceeds the number of
transcripts (29). Factor M was the only instance of non-
exclusive sub-factors. This appears to be due to considerable
overlap between those who did not like mathematics (M3) and
those who found it difficult (M1). There were others, however,
who whilst not averse to mathematics, also found it particularly
difficult when related to the focal concepts. Several of these
were comments on the degree of abstraction involved being a
source of difficulty.
5. Factor R: Relevance of courses.
Comment No comment Total
Number 24 5 29
% (of 29) 82·8 17·2 100
The 22 comments on relevance contained two main areas of
criticism:-
i) no obvious utility value.
ii) lack of 'chemical reality'. or relationship to the
'real world' of chemistry.
6. Factor T: Teaching approaches in undergraduate courses.
Comment No comment Total
Number 26 3 29
% (of 29) 89·7 10·3 100
The high response rate here suggests considerable concern with
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teaching techniques at undergraduate level related to the focal
concepts. Comment was too general to sub-categorise, but
factors identified elsewhere were reflected; ego
i) too theoretical (abstract)
ii) too mathematical
iii) lacking in relationship with 'real world' problems.
Other significant points arising relate to:
i) highly didactic approaches
ii) teaching for examinations.
9·1·4 As a result of this whole exercise, it was decided to
write questions to elicit information in the following areas:-
i) the importance of mathematical/molecular modelling
and qualitative/quantitative approaches in understanding
the focal concepts.
ii) reaction to chemical education courses in higher
education in general, and with specific reference to the
focal concepts and mathematical aspects of learning them.
iii) personal perceptions and expectations of first degree
courses.
iv) opinion relating to the design of physical chemistry
first degree courses.
Questions were drafted using a 1 to 5 attitude scale concerning
polar ideas relating to the specific issues being investigated.
For example~ in the case of the importance of mathematical
modelling in understanding the focal concepts, three ideas
seemed apparent in interview data:
a) utility value, both in practice and in descriptive
power
b) ease of understanding
c) accuracy of the model in description and prediction of
chemical phenomena.
This became translated in a question thus:
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Mathematical modelling is :-
Very useful 1 2 3 4 5 Not very useful
Very easy to
understand
1 2 3 4 5 Not easy to understand
Highly accurate 1 2 3 4 5 Low accuracy
Participants were directed to circle the number which they
thought most closely fitted their opinion of mathematical
modelling in these three respects.
9'1'5 The draft questions were trial led among a group (four
in total) of my teaching and research colleagues, and with
two others, a secondary school teacher, and an industrialist.
As a result of the very constuctive criticism received, several
changes were made. In particular these related to:-
i) including thermodynamics as well as kinetics and
equilibrium as separate areas for questioning.
ii) ensuring that 'the other side of the coin' was
included, to avoid implicit bias; for example, the
question 'Qualitative understanding is a prerequisite for
quantitive understanding' should be balanced by asking
whether 'Quantitative understanding is a prerequisite for
qualitative understanding'.
The first point (above) was particularly significant. The
structuring questions at interview had not directly addressed
thermodynamics. However, it is very clear from the data that
the close relationship between kinetics, equilibrium and
thermodynamics influenced individuals' understanding of the
focal concepts. That this point should have arisen again was
a clear indication that the questionnaire required modification.
9'1'6 After modification, the draft questionnaire was shown
to the 'triallists' for further comment, before production and
distribution. The outline structure of the questionnaire is
given below; the full questionnaire will be found in Appendix 6
(p A6 ).
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Questionnaire: Outline structure.
Introduction. Purpose of questionnaire, and instructions.
Personal definitions of important terminology.
Space for participants' definitions.
Section A. Biographical details.
Section B. Conceptual a~a5 of kinetics, equilibrium and thermodynamics;
molecular/mathematical modelling and qualit3tive/
quantitative_understanding.
Section C. Chemical education in undergraduate courses .
Personal perception of whole course, and of the focal
concept components; perceptions of mathematical aspects;
use of real chemical problems in teaching approaches.
Section D. Personal perceptions: expectations of undergraduate courses,
and extent of meeting those expectations; notions of
relevance in chemical education.
Section E. Perceptions of course design; course designers and their
influence; content selection; chemical 'reality'.
The questions were coded by section to allow ease of analysis.
9'2 Distribution.
9,2,1 As Youngman (1978) has pointed out:
'No matter how meticulously the sampling procedures ---
have been pursued, the researcher using questionnaires
for data collection remains heavily dependent upon response
rates. Since the best guarantee of efficient sampling
is a high response rate, distribution and return arrange-
ments become vital parts of the research design.'
p 27
The confirmatory nature of this questionnaire has meant few
problems being encountered through poor response. The sample
for the questionnaire was dictated by the interview programme,
all those having been interviewed being invited to complete
the questionnaire. The opportunity was taken to extend the
sample beyond the interview participants, 15 others being
included in the distribution. These 15 others werehnvolved
!
through the same processes outlined in 6'1'1, and again I am
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indebted to my colleagues for their help and support. The
distribution of these 15 'others' among the three participating
groups was:
Practitioners 5
Teachers 3
Students 7
15
The total sample (interviewees plus 'others') to whom
questionnaires were sent was:
Practitioners 20
Teachers 16
Students 14
50
9·2,2 The questionnaires were forwarded with a letter of
explanation and return postage. In nearly all 'non-interview'
cases, the questionnaires were delivered personally. This was
thought advisable, in order to explain the background of my
inquiry, and the purpose of the questionnaire. It may be a
measure of the good relations built up with the participants,
that postal returns were very prompt. The profile of response
was:
Number dispatched - - - -50 - - - - - - - - - - - - - - - - - - - - - -
40 + +
Number returned 20
0 4 8 12
weeks
A. d sentremln er
I
DIAGRAM 34: ResEonse Erofile for guestionnaire.
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It can be seen from Diagram 34, that 37 of the 50 questionnaires
had been returned within eight weeks of dispatch. A letter
was sent to the remaining 13 'non-return' participants at this
point, requesting a response. Within a further 4 weeks, only
three further questionnaires were returned. This was taken
to indicate that 'response saturation' had been achieved, and
so the 'return' period was closed to allow analysis in detail.
The final response rate was 40 from 50 questionnaires
distributed, ie. 80%, and the numbers returned in each group
were:
Practitioners
Teachers
Students
17
13
la
42·5%
32·5%
25.0% } of returnedsample
9·2·3 This compares with the following group numbers for the
total interview sample:
Practitioners
Teachers
Students
16
la
10
44·4%
27·8%
27·8%
The questionnaire sample thus gives a slightly better balance
between 'teacher' and 'practitioner', though with no significant
change in the proportion of students. It should be remembered
at this point that the questionnaire sample includes non-
interview personnel, in all three .groups.
9·3 Analysis.
9·3·1 Analysis of the questionnaires involved three processes:
a) obtaining raw scores (coding)
b) processing the raw scores to provide useable information.
c) a review of re~ponses to 'open' questions.
The first of these processes (coding) was quite straightforward,
if tedious. The returned questionnaire booklets were separated
into the three sub-groups involved. The number of responses
for each attitude scale point was then tallied for each coded
question. For example:
(see next page)
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Sub-group practitioners: N=17
Section B.
1 2 3 4 5 Total responses
Bl I +1-1+ I HH II 1// - 17
B2 I /111 +H+ HI-/- I I - 17
B3 - I +H+ HH- HI+ / 17
B4 III fHf III IIII 1/ - 17
B5 I III +H+ IIII IIII - 17
B6 I fH+ I fH+ I 1/1 / 17
etcetera
TABLE 21: Score tally chart.
These were then converted to raw numerical scores. For example:
Sub-group practitioners: N=17
Section B.
1 2 3 4 5 Total responses
Bl 1 6 7 3 0 17
B2 1 4 11 1 0 17
B3 0 1 10 5 1 17
B4 3 8 4 2 0 17
B5 1 3 9 4 0 17
B6 1 6 6 3 1 17
etcetera
TABLE 22: Numerical data chart.
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With the three sub-groups tallied and converted to raw
numerical scores, the numerical scores were added together to
give the raw data for the whole sample. For example:
Total sample: N=40
Section B.
1 2 3 4 5 Total response
B1 6 14 12 6 2 40
B2 6 7 22 3 1 39
B3 0 2 19 14 4 39
B4 13 12 8 6 1 40
BS 2 S 19 12 1 39
B6 2 18 13 5 1 39
etcetera
TABLE 23: Full sample numerical data chart.
It will be noted from Table 23 that the total number of .
responses for some questions is at variance with the number
of participants. There were instances, almost entirely within
the student sub-group, of non-response to certain items. This
raised the question of the status of the numerical scores, an
important issue from two points of view. In the first place,
what should be done about unanswered items; in the second place,
what effect would this have on any method of analysing the raw
scores more deeply? It seemed highly probable that non-response
was due to lack of understanding of either the question itself,
or the concepts to which the item referred. There had been
no comment about obscure questions either from trialling the
questionnaire or from contact with participants (some of
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whom returned the booklets personally). It would seem safe,
therefore, to assume that non-response was due to lack of
understanding of the substance of the questions. This
assumption is strengthened by the fact that the majority of
non-responses occurred in section B of the questionnaire - the
only section to be based directly on the focal concepts. It
must also be significant that the majority non-response
occurred among the student participants; this point will be
referred to again (9·4'4).
9'3'2 Non-response also raised the possibility that each
individual participant could be interpreting the rating scale
idiosyncratically. If we take for example, Item B1:-
In chemical kinetics
molecular modelling is:-
B1 Very useful 1 2 3 4 5 Not useful
not only can interpretations of 'very useful/not useful' vary,
but also assessment of the meaning of the scale points can
differ. It would be unwise, therefore to assume a linear
relationship between the numbers 1--- 5, or to assume that 1
and 5 represent exactly the same poles of a bi-polar construct
in each individual case. This does not invalidate the
questionnaire if the data are to be used for totally descriptive
purposes. Any attempt to draw statistically significant
inferences from such crude data would seem to be both unwise
and unreliable. Had such inferential statistical treatment
been required, the questions would have had to be framed rather
differently, much less freedom of interpretation being given.
At the design stage, advice had been taken on the appropriateness
or otherwise of statistical analysis for the purposes of this
questionnaire. It is not accidentia1, therefore, that the
data generated are open to limited treatment.
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9·3· 3 A search of the literature [e.g. Siegal (1956), Nunnally
(1975)] suggested that the most appropriate methods of analysis
would be:
a) construction of frequency histograms, which could
provide a visual check on significance.
b) statistical tests of significance involving the
computation of median scores, for comparison either by
inspection or the use of quartiles to give an idea of
score distribution around the median.
c) chi-square analysis, which could test the degree to
which the distribution of responses throughout a table
differs from a chance pattern.
d) more sophisticated statistical procedures which would
enable a search for significant variations between groups
(e.g. Kruskal-Wallis one-way analysis of variance).
The latter of these options was rejected on the basis that
the test construction did not (and was not intended to) lend
itself to significant correlations to any great extent. This
decision was to a large extent vindicated when chi-square
analysis was trialled. It was obvious at this stage that
within the groups, many of the attitude categories had too few
responses to make the tests reliable. There seemed little
point, therefore, in seeking correlations between groups on
such evidence. Frequency histogra~s were drawn for one group
of questionnaire participants. Visual inspection did not
provide significances in which one might have confidence -
neither could one be sure that significances were not being
overlooked. Calculation of medians did little to improve the
situation, and many elements of the data involved had too few
responses to enable an effective use of quartiles.
9.3.4 It was therefore decided to recode the data into three
rather than five categories. This was done by assuming that
category 3 represented those who had no significant view in
either direction of the polar differential. It was then
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assumed that all those on one side of the middle category
showed a trend in their thinking towards that end of the scale.
Categories 1 & 2, and 4 & 5, were thus added together. The
recoded data, now indicating trends in thinking, is exemplified
by Table 24:-
Total sample. N=40
Section B.
1+2 3 4+5 Total
Bl 20 12 8 40
B2 13 22 4 39
B3 2 19 18 39
B4 25 8 7 40
BS 7 19 13 39
B6 20 13 6 39
TABLE 24: Recoded numerical data chart.
These recoded frequencies were then converted to row-percentages
(Youngman 1978) and plotted as linear percentage bar charts,
as shown in Table 25 and Diagram 35:
Total sample.
Section B.
1+2 3 4+5 % of
Bl 50·0 30·0 20·0 40
B2 33·3 56·4 10·3 39
B3 5·2 48·7 46·1 39
B4 62·5 20·0 17·5 40
B5 17·9 48·8 33·3 39
B6 51·3 33·3 15·4 39
TABLE 25: Row-percentages.
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0 10 20 30 40 50 60 70 80 90 100
100 90 80 70 60 40 %50 30 20 10 0
u not u. B1
Mol. e not e. B2
Model a not a. B3
K
Math u not u. B4
e not e. B5
Model a not a. B6
Key:
u = useful
e = easy
a = accurate
DIAGRAM 35: Linear percentage bar charts.
This process has advantages in making allowance for the small
variations in total number of responses per item, showing the
proportion of 'neutral' responses and allowing an easily read
data display technique to be used. For example, it is :"
relatively easy to see from Diagram 35 that:-
a) at least one-third of the participants thought that
molecular modelling in kinetics was useful, easy to
understand, but not very accurate.
b) half the sample thought that mathematical modelling
in kinetics was useful and accurate, whilst approximately
one-third found it difficult to understand.
c) in each case, quite a significant proportion expressed
no particular view.
9·3·5 One weakness of using the linear bar chart is that it
is not easy to make comparisons between the trends in each
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group with either the total sample, or with other related
questions. A further phase of manipulation was thus undertaken
in an attempt to highlight any significant differences. For
each related group of questions, the row percentages for the
left and right hand columns of each sub-group table were
collated (ignoring the middle columns in each case), as
exemplified in Table 26:-
Kinetics Percentages:
Molecular modelling:
Practitioner(P) Educators(E) Students(S) Total sample(T)
Yes(y) No(N) Y N Y N Y N
B1 useful 41·2 17·6 61·5 23·1 50·0 20·0 50·0 20·0
B2 easy 29·4 5·9 46·2 7·7 22·2(9 22·2(9) 32·3(39'10·3(39)/
B3 accur- 5·9 32·3 0·0 53·8 11·1 (9 55·6(9) 5·1(39) 46·2(39)
ate
(17) (13) (10) (10)
N.B. Figure in brackets beneath table = N; this applies to all the c
percentages unless shown otherwise.
TABLE 26: Sample of collated row percentages.
9·3·6 The collated row percentages were then used to produce
PEST profiles, ie. comparative diagrams of the trends for the
three sub-groups fPractitioners(P), Educators(E), Students(S)]
and the total sample(T), as shown in Diagram 36:
not useful --....a-l. &. ... ... p •• ,.. ... '0 ,.., 1.~ useful--------------,. _ ,. .. ,. ,. 10 .,0 ~ £0 ,0
B1
P
E
S
T
DIAGRAM 36: Sample PEST profile.
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Whilst this does not indicate the order of those who have made
no specific response, it does give a visual measure of the
trend of thinking relative to the middle choice on the original
attitude scale. This technique has elicited some useful
information, when comparing the overall trend (total sample)
with trends in the sub-groups. For example, Diagram 37 - the
PEST profiles for questions B 10 and B II, shows very clearly
how the overall trend masks significant differences in the
trends for the P and S groups:-
B10
•• 10 ... t. .. 10 ,.
P
E
S
T
~ easy --------
P
E
Bll S
T
DIAGRAM 37: PEST profiles for Questions B 10 and B 11.
9.3.8 The full implications of this data analysis are discussed
in the next section, and the complete data tables are contained
in Appendix 7,pA~ In view of the fact that the application of
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chi-square analysis and inspections of medians provided no
improvement on the above process, in seeking significant trends,
I believe that for my purposes, the method is both reasonable
and adequate.
9·4 Inferences.
9·4'1 Only three of the forty members of the sample provided
personal definitions of the focal concepts. An opportunity,
via open questions, had been provided for participants to
disagree with, or comment on, my statement that physical
chemistry 'broadly equates with chemical kinetics, chemical
equilibrium and chemical thermodynamics' (Questionnaire, p 2).
Participant 10, in the Practitioner(P) group, gave the
following definitions:
Code
Xl: Chemical kinetics. The study of the rate at which chemical
reactions occur.
X2: Chemical equilibrium. The extent to which a 'reversible' chemical
reaction can be said to be shifted towards 'reactants' and
'products'.
X3: Chemical thermodynamics. Study of the physical mechanisms of
chemical reactions with respect to energy considerations.
(Participant PlO, P 2)
Participant 48 in the Educator(E) group who had not been
interviewed, gave the following:
Code
Xl: Chemical kinetics. Concerned with rates of reactions. Describes
conditions of the individual steps of a reaction ie. reaction
mechanisms.
X2: Chemical equilibrium. Studying the effect of opposing reactions.
A balance, no net [sic] change. Linked with thermodynamics, ie.
change of conditions T, P, V.
X3: Chemical thermodynamics. The branch of chemistry which deals
with energy transformations, predicting whether a chemical
reaction may take place and to what extent under certain conditions
- use of properties such as temperature, pressure and volume of
a system. Concerned with initial and final conditions (unlike
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kinetics).
(Participant E48, P 2)
words in [] my own.
Participant E20, added an explanatory comment:
I disagree with 1 [my definition of physical chemistry], as it should
include a study of spectoscopy and electronic structure.
Code
Xl: Chemical kinetics. A study of the rate at which reactions achieve
equilibrium, and their detailed mechanisms.
X2: Chemical equilibrium. A study of the quantities of reactants
and products present at infinite time.
X3: Chemical thermodynamics. A description of chemical equilibria
in terms of energy and entropy factors as well as the application
of statistical mechanics to describe chemical equilibria.
(Participant E20, p 2)
words in [] my own.
This is quoted in full since I believe they provide some
confirmation of Postulate 2 (7'3·10) of the perceptual space
model, a point discussed further in 9·5. Each of these
participants is, in their own way, using both macro- and micro-
system approaches in their descriptions as they involve
energetic and mechanistic arguments in their definitions. It
is not my purpose here to either comment on or judge the
accuracy of their definitions.
9·4·2 The age profiles (Diagram 37, P204 ) for the participants
derived from Section A of the questionnaire show that the
Educator(E) group contained a large proportion (69'2% of 13)
of its numbers in the 36-45 age group.
there was a preponderance of members in
for the Student(S) group (60'0% of 10).
As might be expected
the 18-25 age range
The Practitioner(P)
group contained a much more even spread over the first three
age ranges (18-25, 26-35, 36-45). Of the total participation,
only four members (10·0% of 40) were in the 46-55 age group.
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Age group 18-25(1) 26-35(2) 36-45(3) 46-55(4) 56-65(5) Total
Practitioners 4 6 3 4 0 17
Educators 0 1 9 3 0 13
Students 6 3 1 0 0 10
Total 10 10 13 7 0 40
'et- ut
.2. P-group loa. E-groupN=17 N=13
10 10
t •
" Co
~ +
J. ~
lit S-group tt T-group
N=10 N=40
Q. I&.
10 10
t ..
.. ", ...
1. ~
t!•• .I[.,
'%
DIAGRAM 37: Age profiles for questionnaire.
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The span of experience of higher education thus covers a period
from the mid 1950's through to the 1980's, with the bulk of
experience being post 1960. Although the sample is too small
to make generalisations, it is striking that the bulk of the
E group are in the mid-period of professional life, and hence
are at some distance from initial graduation. One or both of
two effects could follow from this. Firstly, there is an
obvious 'generation gap' in comparison with the S group;
secondly, the E group's own experience of higher education
could be 'dated', and hence out-of-step with current needs and
practice. Throughout the following discussion of the
questionnaire data, I shall refer to the practitioners as the
P-group, the educators as E-group and the students as S-group.
The total sample will be referred to as the T-group. It must
be remembered however that the population size (N) of each
group is not identical. Hence in quoting percentages in the
text, N values will be given in brackets, eg., 15'0% (13),
which should be read 15'0% of 13.
9·4'3 Section B of the questionnaire referred to the focal
concepts, firstly enquiring whether molecular and mathematical
modelling were seen to be:
a) very useful or not useful
b) easy to understand or not easy to understand
c) very accurate or not very accurate.
Table 27 (see p206 ) summarises the main points emerging for
the whole group (T).
The trend is thus for molecular modelling to be seen as
useful but not very accurate, for kinetics and equilibrium,
with an indication that it is easy to understand. Mathematical
modelling in kinetics and equilibrium is seen to be both useful
and accurate, but not very easy to understand. Thermodynamics
is not seen as amenable. to molecular modelling, and thus is
seen to be very much the province of mathematical modelling.
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Molecular modelling. % Mathematical modelling. %
useful 50·0 useful 62'5
Kinetics not very useful 46·2 accurate 51·3
Bl-6 easy to under- 33·3 not easy to under-
stand stand 33·3
useful 37·5 useful 51·3
Equilibrium not very 52'8 accurate 40'5
accurate
B7-12 not easy to under- 39'5
stand
not useful 40·0 useful 70'3
Thermodynamics not very 51·4 accurate 56·8
accurate
B13-18 not easy to 42·8
understand
N=40
TABLE 27: T-group responses; B1 to B18.
A further look at the PEST profiles indicates that the S-group
in particular found difficulty with mathematical modelling in
kinetics [66'9% (9)], and half of them were not sure of its
usefulness [50'0% (10)]. Another interesting diff~rence of
opinion is between the P-group who saw mathematical modelling
in equilibrium as useful [76'5% (17)], and the S-group who did
not have a strong opinion [66'6% (9)'neutral' response].
Further, the S-group found mathematical modelling in equilibrium
difficult to understand [75'0% (9)], a view not shared to
anything like the same extent by the P- and E- groups. Since
the P-group found mathematical modelling in equilibrium useful
[76'5% (17)], a view not shared to the same extent by the E-
group [46,2% (13)] and hardly at all by the S-group [11'1% (9)],
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one wonders about the possibility of perceptions being
ameliorated through use of the concepts. This point is
strengthened by a similar effect in perceptions of the usefulness
of mathematical modelling in thermodynamics [P - 88'2% (17);
E - 76'9% (13); S - 14'3% (17)]. In fact, a small majority
of those making other than a neutral response in the S-group,
thought mathematical modelling not very useful in thermodynamics
[28'6% (7)].
9·4·4 Section B also inquired into perceptions of the value
of qualitative versus quantitative approaches to the focal
concepts. As Postulate 1 of the perceptual space model, this
is closely related to molecular/mathematical modelling (see
7'3·6). In response to the question 'which of these two
approaches do you consider important for understanding these
concepts?', the T-group response was (Table 28):-
Qualitative % Quantitative %
B20 Kinetics 25·0 50·0
B21 Equilibrium 40'0 22·5
B22 Thermodynamics 30'0 45·0
(N=40)
TABLE 28: T-group responses; B20 to B22.
The most significant point here arises in connection with
kinetics and equilibrium. The PEST profiles show that it is
the S-group who predominantly prefer a qualitative approach
in equilibrium [50'0% (10)] compared with E and P. This trend
is also reflected in connection with kinetics, though to a
lesser extent, where the P-group preference for a quantitative
approach predominates [64·7% (17)]. Table 29 summarises the
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T-group responses for the remaining questions in Section 8:
Agree % Disagree %
823 Qual/Quant. approaches inseparable 43·6 (39) 35'9 (39)
824 Qual. prerequisite for quant. 72·5 15·0
825 Quant. prerequisite for qual. 12·5 72'5
826 Qual. more elementary than quant. 62'5 15·0
B27 Qual. gives more 'realism' 47·5 25·0
B28 Quant. gives more 'realism' 17'9 48'7
B29 Qual. less abstract than quant. 50·0 30·0
N=40
TABLE 29: T-group responses: B22 to B29.
One can infer from this that the two approaches form a
continuum in keeping with Postulate 1 of the perceptual space
model (7·3·6). Full understanding seems most likely if one
begins with a qualitative approach, which has the qualities
of being less abstract and more 'realist~' in chemical terms.
Reference to the PEST profiles would indicate that the E-group
were more prepared to separate qualitative from qU3ntitative
~approaches [53'8% (13)] than the P- and S-groups. ThisLan
interesting point, since there may be a correlation here with
thinking modes (Tn or Tp). A more qualitative approach would
be appropriate for Tp mode thinking, whilst a quantitative
approach would be appropriate for Tn mode (see 7'5'1). It is
possible, therefore that this E-group view reflects a particular
concern with Tn modal thinking. A furthEr point of interest
lies in the strong S-group view that qualitative approaches
are less abstract [80'0% (10)] in comparison with E- and P-
group opinion, which is more or less evenly divided on this
point. This could be a result of resistance to mathematical
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explanations, but it may also relate to the feeling, expressed
at interview, that molecular modelling has more 'chemical
reality' - a point of particular importance to those learning
chemistry.
9·4·5 Before leaving Section B, one very significant factor
must be touched on. The response rate for the S-group varied
between 5 and 10 for the group of 10. Of the 22 questions
directly related to the focal concepts, only 5 had a 100%
response rate. The section on thermodynamics was particularly
badly dealt with, with responses from between 5 and 7 of the
group of 10. The more general areas dealing with qualitative
and quantitative approaches brought a 100% response rate (B20
-29). The other groups showed no similar trait anywhere within
the questionnaire. There is evidence in the student group-
interview transcripts to suggest that the focal concepts were
hardly retained at all after graduation (see 7'5'7), with bad
teaching being given as the main reason. Whatever the reason
- and this will be discussed further in Chapter 10 - the same
poor understanding and memory factors appear very clearly in
the S-group's response to the questionnaire.
9·4.6 Section C was designed to check participants' perceptions
of their undergraduate course, firstly in total and then with
respect to the focal concepts. Table 30 (see P210 )
summarises the responses for the undergraduate course in total.
As can be seen, the majority [71'8% (39)] enjoyed the total
course, a sizeable proportion [35'9Z(39)] did not find it
difficult, and a majority found it interesting [66'7% (39)].
The courses seemed to match the expectations of many [48'7% (39)].
Whilst nearly half felt the courses were examination success
orientated [48,8% (39)], almost two-thirds felt their courses
were not vocationally orientated [61'5% (39)]. About half
felt their course had intentionally promoted understanding
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[51'3% (39)]. Examination of the PEST profiles does not reveal
any major shift in opinion between the groups, though the trend
appears to be that the P-group were most conscious of any
examination orientation, whilst a small but not insignificant
group of the S-group did find their course vocationally
orientated [33·3% (9)], and/or did not intentionally promote
chemical understanding [33'3% (9)].
Agree % Disagree %
Cl enjoyable 71'8 7'7
C2 difficult 12·8 35'9
C3 interesting 66·7 15·4
C4 matching expectations 48·7 23'1
CS exam success oriented 48'8 25·6
C6 vocationally oriented 15·4 61·5
C7 promoted chemical understanding 51·3 15·4
(N=39)
TABLE 30: T-group responses: Cl to C7.
9·4'7 This rather agreeable picture changed dramatically when
the same factors were related to the focal concepts. Of the
T-group, nearly half did not enjoy kinetics [43,6% (39)] or
thermodynamics [41·1% (39)]. Over one-third found them
difficult [kinetics: 35'9% (39); thermodynamics:43'6% (39)].
More than half found this part of their course very mathematical
[kinetics: 52·6% (38),thermodynamics: 66'7% (39)]. Perhaps
even more significantly no-one fie. 0'0% (40)] found any
vocational orientation in their kinetics and thermodynamic
courses, whilst the great majority [61,6% (39)] found none in
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equilibrium. It is worth reflecting at this point that many
higher education institutions make strong claims about the
vocational value of their courses (see 8'1'2) and that the
focal concepts are of extreme importance in chemical
industrial practice. Some further interesting points emerge
when the PEST profiles are inspected. For example, the
relatively small T-group proportions finding that the focal
concepts proved useful in their work [kinetics: 41'1% (39);
thermodynamics: 35'9% (39); equilibrium: 43·6% (39)], masks
a higher proportion of the S-group not finding the focal
concepts useful [kinetics: 66·7% (9); thermodynamics: 66·7%
(9); equilibrium: 66'7% (9)]. With their limited work experience
in mind, I would suggest that the S-group's view here is
coloured more by the lack of vocational relevance projected
during the course, than anything else. In general, also, it
is the S-group that found the courses rather mathematical
[kinetics: 62'5% (8); thermodynamics: 77·8% (9); equilibrium:
55'6% (9)J though significant proportions of E- and P- group
shared this view [ie. 40'0% or above].
9·4·8 The influence of mathematics formed the basis of several
other questions in Section C (C35-43). Table 31 outlines the
responses for the T-group when asked their views on the
mathematical aspects of the focal concepts:
Agree % Disagree %
enjoyable 38'5 41·0
Kinetics easy 33'3 28,2
interesting 41'0 35·9
enjoyable 33,3 33·3
Equilibrium easy 23·0 30·8
interesting 35'9 43·6
; enjoyable 30'8 46·2
Thermodynamics easy 10·3 41·0
interesting 33·3 46·2
(N=39)
TABLE 31: T-group responses C3s - C43.
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There is little of significance in these figures except for
the fact that a significant number found the mathematical
aspects of thermodynamics difficult compared with those who
found it easy [41.0% (39) cf 10·3% (39)]. It is when the PEST
profiles are considered that some underlying significances are
revealed. A higher proportion of the S-group disliked the
mathematics associated with kinetics, than enjoyed it [55·5% (9)
cf 33·3% (9)]. A majority of the P-group found the mathematics
of kinetics interesting [52·9% (17)], whilst more of the E-
group disliked the mathematical aspect than liked it [38·5%
(13) cf 23·1% (13)]. The S-group did not find the mathematical
aspects of equilibrium easy either [66·7% (9) cf 11·1% (9)].
Nearly two-thirds of the E-group [61·5% (13)] found the
mathematical aspects of thermodynamics lacking in interest.
It is difficult to find evidence for any explanation of these
differences, but I suspect the educators' lack of enthusiasm
may have some bearing on students' difficulties. The use of
these concepts in day-~-~&~ work routines may well have improved
practitioners' appreciation of mathematical aspects.
9·4·9 The final part of Section C sought participants' views
on some general points about physical chemistry courses and
their experience of them. The T-group was evenly divided upon
whether mathematics should only be used as a tool to solve
problems [43·6% (39) cf 43·6% (39)]. There was quite strong
disagreement with the statement that physical chemistry should
be taught by specialists who are actively researching in the
area [63·2% (38)], but strong agreement with it being taught
by lecturers with a wide understanding of the area [73·7% (38)].
There was even stronger agreement that physical chemistry
should be clearly related to experimental work designed to
help concept understanding [78·9% (39)]. This latter point
was particularly strongly supported by the S-group [100·0% (9)].
Experience of higher education showed that nearly half met
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with mathematics being used mainly as a tool to solve problems
[46·2% (39)], and over half found it used mainly to model
chemical phenomena [51·3% (39)]. A majority found that the
focal concepts were not closely related to real chemical
problems or situations [kinetics: 51·3% (39); equilibrium:
46·2% (39); thermodynamics: 59·0% (39)]. The PEST profiles
reveal that a large proportion of the S-group found mathematics
used mainly to model chemical phenomena [77·8% (9)]. The E-
group found little 'real problem solving' in kinetics [69·2%
(13)], equilibrium [46·2% (13)], or thermodynamics [84·6% (13)]
in their courses, in contrast to the S- and P- groups whose
experience in this area was fairly evenly divided. It is
interesting to speculate whether this is a product of the
differing age profiles of the groups. If so, it could indicate
that more recent courses are involving more 'real-problem'
aspects than previously.
9·4·10 Section D tackled personal perceptions of first degree
courses. This section produced easily the most strongly
polarised comment. Table 32 outlines the T-group responses
relating to the expectations participants had of their
undergraduate courses:
Expectations High Low
D1 useful in terms of employment 82·5 2·5
D2 stimulating an understanding of chemistry 85·0 2·5
D3 valuable for professional status 70·0 10·0
D4 efficient means of gaining knowledge 72·5 0·0
Ds simply a mechanism for a degree 17·5 77·5
D6 giving personal development 69·3 12·8
(39) (39 )
(n=40)
TABLE 32: T-group responses D1 to D6.
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An open question (D7) was provided to allow participants to
list any other expectations they had. Only three others
emerged:
a) that the course should be demanding, but with adequate
tutorial support (S-group).
b) that the course should have meaningful practical work
(S-group).
c) that the course should indicate new and exciting
research areas.
From the PEST profiles, it was clear that there were no
significant differences in expectation between the groups.
When responding to being asked whether these expectations had
been fulfilled, the first - usefulness for employment - seems
to have been met [85·0% (40)]. Slightly fewer found their
course as stimulating as expected [62·5% (40) cf 85·0% (40)].
The major failure in expectation appears to be with the S-group,
whose 90·0% (10) initial rating dropped to 40·0% (10). A
similar, but smaller, shortfall also occurs with the E- and
P- groups, indicating an element of disillusionment with
higher education. This may perhaps relate to the mismatch
between an expectation of courses as an efficient means of
gaining knowledge [72·5% (40)], and the realisation of that
expectation [50·0% (40)], the main groups affected being P and
S [from 88·2% (40) to 52·9% (40) and 50·0% (10) to20·0% (10)
respectively]. The low expectation of degree courses simply
being a mechanism for obtaining a degree also changed. For
the E- and S- groups, some degree courses must have been
simply a degree producing mechanism because the ratings
dropped from 69·2% (13) to 38·5% (13) for the E-group, and
from 80·0% (10) to 50·0% (10) for the S-group. In general
terms the other expectations appear to have been largely
fulfilled.
9·4·11 When asked about course design (Section E), there was
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again strongly polarised comment. There was minimal support
for school teachers being involved in higher education course
design, mainly from the S-group [44,4% (9)], but the E-group
had a clear view against [53'8% (13)]. All three groups
strongly supported the involvement of higher education teachers
[P: 88'2% (17); E: 92'3% (13); S: 100'0% (10)]. The involvement
of industrial chemists was also strongly supported, particularly
by the S-group [100'0% (10)] and P group [82'4% (17)], but
somewhat less so by the E-group [61'5% (13)]. A small majority
gave low priority to student involvement [T: 30'8% (40)].
This overall comment masks a small S-group support for student
involvement [20'0% (10) with 80·0% (10) neutral comment]
contrasting with a sizeable E-group showing low priority [46'2%
(13)]. It is clear from further responses that higher education
teachers an~ ~ndustrial chemists should have a strong influence
LleS19"
over courseL[85'0% (40) and 67'5% (40) respectively]. It is
notable that, of the E-group, 92'3% (13) [7'7% (13) neutral
response] gave priority to higher education teachers having
strong influence over course design; only 46·2% (13) offered
the same opportunity to industrial chemists. It is also
interesting to note that the T-group's 60·0% (40) 'vote' giving
low priority to students having influence over course design
was strongly supported by the S-group [70'0% (10)]. Table 33
provides a summary of the responses to a series of criteria
suitable for helping with the selection of content in higher
education physical chemistry courses:
Priority
Criterion High Low
Ell important concepts in chemical education 87·5 0·0
E12 importance in industry 85·0 0·0
E13 ease of quantification 10·0 52'5
E14 ease of examination 2,6(39) 78'9(39)
EIS good practical possibilities 65·0 7'5
E16 good examples of application 65·0 12·5
E17 elegance of theoretical explanation 17·5 47·5
E18 high student interest potential 67·5 5·0
El9 essential for future research capability 45'0 15'0
(N-40)
TABLE 33: T-group responses: Ell to E19.
216 9·34
9·4·12 Inspection of the PEST profiles elicits two interesting
points. Whereas a high proportion of the P-group [64·7% (17)]
and E-group [53·8%(13)] gave low priority to 'ease of
quantification' as a criterion, as many of the S-group gave
it high priority as low priority [30·0% (10) and 30·0 %(10)
respectively]. This is a fascinating contrast with the claims
that physical chemistry courses are too highly mathematicised,
made during interview. In accepting the integrity of such
recorded comment, I can find no explanation for such an
apparent contradiction. A second point arises in connection
with the criterion 'good practical possibilities'. The T-group
65·0% (40) response giving it high priority, disguises an
interesting difference between the groups. Both P and S give
this criterion high priority [76·5% (17) and 100·0% (10)
respectively]. However, the E-group gave a 23·1% (17) response
giving good practical possibilities high priority, and a 23·1%
(17) giving it low priority. This is at variance with the E-
group response to the statement that 'physical chemistry should
be clearly related to experimental work which is designed to
help concept understanding' (see 9·4·9). 76·9% (13) of the
E-group supported this statement, yet somehow do not give
strong support to a criterion of 'good practical possibilities'
in the selection of content. Again, I can find no explanatwn
for such an apparent contradiction.
9·4·13 A review of responses to the open questions showed that
three particular questions had sponsored keen interest. Table
34 shows the total response pattern (see p217 ). The 72·5%
(40) response on B19 related to personal perceptions of how
the focal concepts were inter-related. Two very clear issues
emerged here:-
a) whether the concepts were linked or separate.
b) whether the concepts were discussed in mechanistic or
energetic terms.
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Code Number of responses %
y 1,2,3 3 7·5
B19 29 72'5
D7 6 15·0
D14 34 85'0
D15 12 32'5
E5 6 15'0
ElO 4 10·0
E20 34 85·0
E21 10 25'0
(N=40)
TABLE 34: Response pattern for open questions.
It was not found possible to quantify, in any meaningful way,
the occurrence of these two issues, since there appeared to
be a spectrum of opinion in each case. However, some examples
will make clear the presence of these polarities. The linking
of the concepts was obvious to participant 47:
These are all very interrelated ie.:
1. The kinetics of a reaction is dependent upon how thermodynamically
positive it is.
2. Consideration of the thermodynamics of an equilibrium or a reaction
often explains phenomena that would otherwise be difficult to
understand.
[questionnaire P47, p 5]
Others were rather more direct in their assertion:
All are mathematical.
[questionnaire P25. pS]
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I usually lump all ~hese together - the physics of chemistry from
which you can formulate theories.
[questionnaire S30, P 5]
Totally - it is impossible to talk of anyone in isolation.
[questionnaire E21, P 5]
At the other end of the spectrum were comments such as:
I don't make any distinction between equilibrium and thermodynamics,
Kinetics uses concepts of thermodynamics and statisical mechanistics,
but it is a separate study.
[questionnaire E22, p 5]
Equilibrium and thermodynamics ultimately; kinetics less related.
[E40, p 5]
I see equilibrium and thermodynamics as being close together, whereas
kinetics not so.
[E48, p 5]
Not one of the 'separatists' occurred outside the E-group, a
point which may have some significance. This schism does
however confirm the conclusion drawn from interview data,
which formed the basis of Postulate 3 of the perceptual space
model.
9·4·14 The macro-micro system (energetic-mechanistic)
dimension, already noted in 9-4·1, also can be seen in responses
to item B12. For example:
Reaction kinetics (ie. rate and probability of reaction) are
determined by the thermodynamics - the energy levels of the various
species involved - and the outside constraints applied. Equilibrium
is the state reached when the energy of the system has been allowed
to distribute itself.
[questionnaire P09, p 5)
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Participant 9 is here clearly recognising the energetic
dimension on the macro scale ('outside constraints'), and at
the same time acknowledging the micro-system ('the various
species involved'). Participant 38 is more mechanistically
oriented:
All need to be considered to establish a reaction mechanism.
[questionnaire S38, pS]
Whilst participant 24 has an energy bias:
Chemical eqm - position determined by thermodynamics as system moves
to lowest energy position (~G=O). Kinetics indicates rate at which
a reaction moves, thermodynamics determining the height of a~tlve~o~
barrier. Catalysis enables height of activation barrier to be
altered. Position of C.E. cannot be altered (at fixed T and P).
[questionnaire P24, p 5]
There is, I believe, clear confirmation here of Postulate 2
of the perceptual space model, suggesting a macro-micro
dimension to perceptions of the focal concepts.
9.4'15 There were two other sets of responses to open questions,
having particular significance:
a) D14 criteria for selection of 85·0% (40)
DIS course content· 35'0% (40)
b) E20 interpretation of 'chemical reality' 85·0% (40)
Each of these will be discussed in the next chapter, together
with other comment on the effectiveness of chemical higher
education.
9-5 Summary.
9'5'1 The main issues arising from the interview data have
been:
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a) polarities in the perceptions of the focal concepts
relating mechanistic/energetic explanations, molecular/
mathematical modelling and a kinetics/equilibrium
(thermodynamics) schism. These three dimensions formed
the basis of the perceptual space model (7·4).
b) evidence of two modes of thinking concerning the focal
concepts (Tn; Tp) which formed the basis of a thinking
strategy model (7·2).
c) differing perspectives on the importance of the focal
concepts for three groups of people - Practitioners,
Educators and Students, which are a cornerstone of the
triadic model of educational relevance with respect to
these concepts (8'3).
9,5'2 I believe that the evidence from the questionnaire
supports and confirms these three assertions in the following
manner:
a) Responses to X 1,2,3 and B 19 support the presence of
a mechanistic/energetic dimension (Postulate 2) and a
kinetics/equilibrium (thermodynamics) schism (Postulate
3).
b) Responses to items B 1 to B 29 indicate support for
a molecular/mathematical modelling dimension (Postulate
1) in view of the general ease with which responses were
made - except in one notable instance, that of the S-
group, who (on evidence from Section C) find mathematical
modelling difficult.
c) Responses to items B 1 - 29 also support the thinking
strategy model, with clear evidence of Tn and Tp modes
of thinking. These are also displayed in responses to
the open question B 19.
d) The PEST profiles have frequently revealed significant
differences between the views of the three groups. This
I believe to be an indication of the individual 'decision
environments' experienced by each group, though clearly
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these may overlap.
9.5.3 On the basis of the trends shown in the questionnaire
data, I feel confident that a reasonable measure of credibility
has been obtained for the ideas generated by the interview
data. It is now possible to link these ideas and models
together in an overall flow-chart (Diagram 38, P221). The
perceptual space (7.4) which is variably occupied dependent
upon relevance limits and thinking strategies (7.2 and 8.4)
is embedded in the decision environments which influence an
individual's perception of both personal and instrumental
relevance. The extent to which the focal concepts are thus
fully understood will depend on an interplay of all these
factors, and the extent to which personal learning occurs.
This is in some measure an interplay between psychological
and epistemological factors. These points will be developed
further in Chapter 10, particularly with regard to personal
learning.
* * *
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Chapter Ten
Retrospect and prospect.
In which the processes and products of the inquiry are
reviewed, and the implications for chemical education
assessed.
10·1
10·2
10·3
10·4
10·5
Methodology
Confirmation
Research questions
Implications
Summary
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CHAPTER TEN.
10· RETROSPECT AND PROSPECT.
'Wisdom teaches that our knowledge will
be secure only if we really love our search
for it.'
* *
Mason (1986) p87.
*
10·1 Methodology.
10·1·1 I have already suggested that any 'systematic self-
critical inquiry' is a journey (Preface and 3·1·4) and that
whilst having some idea where this particular journey began.
I was uncertain where it might end (1·1). The experience of
conducting this inquiry gives me to understand that there is
no real 'end'. There is need however for a halt during which
one reviews the road taken and surveys possible ways forward.
If this can be done from a sound 'vantage point' the chances
of finding effective ways forward are increased. Analogy, if
pushed too far, can enter the realms of fantasy. Nevertheless,
I think I can claim with some justice that I have reached such
a vantage point on my journey.
10·1·2 The choice of a case-study methodology (4·2·3) has
proved well suited to both the hybrid character of the field
of the inquiry (3·1·5) and to the complex character of the
concept of relevance. A major strength of the naturalistic
paradigm is its flexibility in progressively focussing on
significant aspects of multivariate situations. The use of
an interview technique backed up by a confirmatory questionnaire,
and intensive date analysis has. I believe. proved both
effective and credible. In a research field of 'subjective
reality' this approach has corroborated the five axioms of
naturalistic study (3·4·3). through allowing an improved
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understanding of the context of educational relevance through
description of individuals' perceptions of their educational
experience.
10·1·3 The absence of any clear definition of complex concepts
such as relevance, leaves the way open for individual or group
interests to generate hidden nuances beneath an apparently
concensus meaning. This can lead to situations such as the
'relevance dilemma', and 'pseudo-relevance' (8·2·8). Any
inquiry in an area having these characteristics must provide
an understanding of the views people have of their world from
their particular situation. Personal construct psychology
has provided a strong theoretical framework for this study
for this very reason. As Pope (1982) has pointed out:
'For Kelly, a successful communication between people
depended not so much on commonality of construct systems,
but on the extent to which people 'construe the construct
system of the other' - ie. have some empathy and under-
standing of someone else's construct whilst not necessarily
holding the same construct oneself.'
p8 (my emphasis).
This refers not only to the relationship between researcher
and participants, but also indicates a need to be aware of
differing personal constructs among the participants. Further,
constructivism has considerable congruence with contemporary
philosophies of science, providing a bridge between science
and education (3·4·8). The assertion that knowledge is
personally constructed has important implications for learning
and understanding, a point discussed further in 10·4·3.
10·1·4 One particular danger in naturalistic research is an
unrecognised interference from 'black-market understandings'
(5·5·3). Insights gained by the researcher through involvement
in interview may be unique and unavailable to others. Such
insights may also be coloured by the researcher's own attitudes
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and values etc. There is no direct methodological technique
of which I am aware to eliminate this difficulty - short of
the research audience being present at the time of interview,
a clear impracticability! Indirect methods have thus been used
in this inquiry to reduce this effect and improve the
accountability of interpretation:
a) an open statement of my own commitments as educator
and researcher (Chapters 1 and 2).
b) regular negotiation of data and data editing (selection)
with the participants.
c) the use of the participants' negotiated statements as
far as possible in developing the argument.
10·1·S Four criteria may be used to check the 'trustworthiness'
of naturalistic inquiry (4·1·3):
1. Credibility
2. Confirmability
3. Dependability
4. Transferability.
Of these, two (credibility and confirmability) I believe to
have been clearly met through the processes outlined in 10·1·4.
and through the questionnaire (Chapter 9). The criterion of
dependability requires closer inspection. In terms of
methodology I think the criterion has been satisfied, since
every attempt has been made to describe the research process
in detail. Repetition of the process should present no
difficulties. Whether the outcomes would be replicated is in
my view debatable. Replicability is based on axioms more
germane to rationalistic inquiry (4·1·2). There is, however,
an element of stability in the findings of this inquiry which
suggests similar ideas might emerge.
Transferability is difficult to judge. Again as case-study
methodology, the processes of this study could be applied to
perceptions of other conceptual areas. Whether the models
generated in this inquiry would either inform or emerge from
such other studies could only be determined by further research.
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In view of the deliberate restriction of this study to
particular conceptual areas, I would resist any attempt at
direct transferability. I am critical of these last two criteria
in so far as they may be interpreted as placing demands on
naturalistic study which axiomatically it should not encompass.
10·1·6 A particular problem posed in this inquiry has been
that of sampling. Chemical practice embraces an enormously
wide range of activities, and only a large sample could provide
coverage of a majority of these. The main thrust of the study
has been concerned with perceptions of relevance based on
experience of higher education. The size of the final sample
was determined largely by 'theoretical saturation' [Agar (1980)].
ie. further interviews produced no new data. It should be
remembered that the opportunity to extend the sample was taken
when the questionnaire was distributed (9·2·1). A total of
51 participants have been involved in the inquiry. In only
one case has limited role-specificity produced any comment:
My opinions as expressed in the answers to the above questions relate
to my experiences as a chemical engineer n2i as a chemist - a chemist
I am not.
(questionnaire P 08, plO)
original emphasis.
This, I suggest, says more of this participant's perception
of his role, than about sampling and sample size. It does
however indicate that further related studies designed to
elicit practitioner role-perceptions and their importance for
education could be very valuable.
10·2 Confirmation.
10·2·1 The premises made at the start of this inquiry
concerning the importance of the focal concepts appear to have
been confirmed (2·6). Two comments from an open question in
the questionnaire make this clear, and are good examples of
the views expressed at interview also:
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From my personal experience I find that this area of chemistry is
probably the most important topic in industrial process applications.
(questionnaire P69, p12)
In many respects physical chemistry is the basis of all chemistry and
is therefore important in chemical education as a whole. Chemical
education in itself should be relevant to the needs of industry.
(questionnaire E21, p12)
10·2·2 The mismatch between expectatj0~ and educational
experience (8·1) also appears to have been confirmed, with
particular respect to the focal concepts. From questionnaire
evidence 85% (40) of those participating expected their degree
courses to be useful for employment, whereas only 5·1% (39)
found any vocational orientation in any aspect of the teaching
of the focal concepts. There is no significant variation in
this pattern between the practitioner, educator or student
groups. Of the focal concepts, kinetics and thermodynamics
appeared not to have any vocational orientation at all (PEST
profiles C6, C14, C23 and C32).
10·2·3 Seminar comment obtained after the IP interviews
(6·4·3) seems also to have received confirmation. The
remodelling of thinking strategies (7·2) has facilitated a
mechanism for describing personal understanding of the focal
concepts (7·5). That the two thinking modes might form a
sequential development of understanding is partly supported
by the agreement of 72-5% (40) of the questionnaire participants
that a qualitative (largely Tp) understanding of the focal
concepts is prerequisite to a quantitative (largely Tn)
understanding. This is further supported by the agreement of
62-5% (39) of the T-group that a qualitative understanding is
more elementary. Evidence for differing 'value bases' for use
of the thinking modes is seen in the higher incidence of Tp
mode usage among practitioners compared with educators (8·4-4)_
The suggested relationship between mathematical difficulties
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and a content/process dimension has some support in both
interview and questionnaire data. However, this would appear
to involve a more complex issue relating to 'chemical reality'
(discussed in 10'4'15). There has been no supporting evidence
of qualitative differences between graduate and higher-graduate
participation. There has been some comment from practitioners
that 'high flying academics' do not make the most adaptable
employees, a point taken up in 10·5·2 .
10·3 Research Questions.
10·3·1 The research questions (2'9) forming the basis of the
study are:
a) Is it possible to characterise educational relevance?
b) What makes concept learning to be of greatest
practional/vocational value?
c) What is required to make chemical education courses
of optimum relevance?
I want now to discuss these in turn, apply directly the ideas
developed in this inquiry, namely:
a) thinking modes
b) perceptual space and personal understanding
c) the relevance model
before moving to a discussion of the implications.
10·3·2 Is it possible to characterise educational relevance
in chemical education? My answer, in the light of the experience
of the inquiry, must be a qualified 'Yes'. The caveat involved
is the concern already expressed over transferability (10·1·5 ).
My answer is thus in two parts, the general and the specific.
The general characteristics are given in Table 35 (P230 ).
Failure to recognise the evaluative nature of educational
relevance may lead to pseudo-relevance, in which the perspective
of a person or group of persons is taken for granted, and
becomes on the surface indistinguishable from propositional
relevance. This may not provide difficulty unless the integrity
of such pseudo-relevance is called into question, perhaps as
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a result of failure to match stated objectives, or through
individuals' unfulfilled expectations.A lack of understanding
of the various perspectives involved and their associated
decision environments, must reduce the ability to be evaluative.
Non-recognition of the importance of each of the operational
modes will severely limit successful evaluation of educational
relevance, whether the various perspectives have been
considered or not. Education has for too long wanted for
mechanisms to link theory and practice in a meaningful way.
Unless pseudo-relevance is avoided one such mechanism may well
not operate. These general characteristics of educational
relevance must therefore have enormous significance for the
professional activities of the educator.
Educational relevance is:-
1. Evaluative
2. A multi-perspective concept
3. Related to 'decision environments'
4. An important mechanism linking knowledge and its application
5. Dependant upon two operational modes:
a) instrumental
b) personal
TABLE 35: General characteristics of educational relevance in
chemical education.
10·3·3 Specifically related to the focal concepts, educational
relevance carries a further characteristic (Table 36, p231).
Implicit in this sixth characteristic is that high occupancy
of perceptual space is consonant with high understanding of
the concepts themselves and vice-versa (7·5·6). Further,
since this relates to the ability of the individual to operate
with particular thinking modes, it is personal learning which
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is important, ie. understanding rather than acquisition. The
additional characteristic must, therefore, be of great
significance in course design and selection of teaching
techniques on the one hand, and student engagement with the
teaching/learning process on the other.
For chemical kinetics and eguilibrium,
educational relevance is:-
1. Evaluative
2. A multi-perspective concept
3. Related to decision environments
4. An important mechanism linking knowledge and its application
5. Dependent upon two operational modes:
a) instrumental
b) personal
6. A function of the individual's ability to use the appropriate
thinking modes to gain maximal occupancy of perceptual space.
TABLE 36.: Characteristics of educational relevance for the focal concepts.
10'3·4 What makes concept learning to be of the greatest
practical/vocational value? 'Practical/vocational value' implies
that concept learning must have as one of .its aims 'application'
or 'utility'. Concepts are not very useful nor easily applied
unless well understand. Thus at one level, the answer to this
Iquestion must be 'learning for understanding'. Applying th~ideas.. !
generated by this study, this would require maximal occupation
of perceptual space (provided that it is the focal concepts
that are involved). Maximal occupation would require
meaningful mastery of the thinking modes. This is, however,
still not the full answer, since practical application and
vocational utility often require an analytic/synthetic process
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requiring flexible and integrative thinking. Tight boundaries
around concept learning may lead to isolated pockets of
knowledge, whether with understanding or not, which inhibits
creative thinking. Concept learning for understanding should
thus be lodged within a context which includes the needs of
practical application and vocational utility. Thus the learning
environment should be cognizant of relevance perspectives. A
major implication of this is that the practitioner, educator
and learner should all appreciate that knowledge must be
supported by application and application supported by knowledge.
In operational terms, this should influence course design and
the facilitation of personal learning.
10'3'5 What is required to make chemical education courses of
optimum relevance? One must inevitably face the supplementary
questions 'relevance for what'? and 'relevance for whom'? These
questions strike right to the heart of the model of relevances,
since judgement of relevance will depend upon the characteristics
of an individual's 'decision environment' _ Any requirements
for improving the relevance of chemical education courses must
thus relate to such 'subjective reality'. This is a broad issue,
and any attempt to produce generalised solutions would be a
move towards pseudo-relevance. I propose therefore to seek
answers (not just an answer) to this third question and its
supplementaries, in the discussion 'that follows.
10·4 Implications.
10·4·1 In recent years educational relevance has become almost
a pass-word for innovation, being used to justify, promote and
pressure educational change. For example, in 1983, Government
Command Paper N° 8836, 'Teaching Quality' gave as one criterion
for accrediting teacher education courses the 'recent substantial,
and relevant teaching experience' of the staff. In 1985, the
Department of Education and Science listed relevance among the
ten principles on which policy is based for the practice of
science education in the 5-16 age range. Also in 1985 the
233 10'11
Secretary of State for Education wrote to the University Grants
Committee suggesting that a higher proportion of students
should be studying 'subjects of vocational relevance'. Pressures
such as these are, I believe, associated with a wave of
vocationalism that has been moving through science education
at all levels. This is part and parcel of an increasing demand
for education to produce some economic return for the community,
through higher employment and higher employability. In an
educational context, relevance has become a key issue.
10·4·2 As has previously been suggested, educational relevance
involves an evaluative usage (8'2'5). To operationalise
educational relevance effectively requires an analysis of those
factors which will allow both instrumental and personal
relevance to be mutually supportive. The ideal situation, in
the context of the focal concepts, would be where the relevance
limits of the educator and practitioner were largely congruent
(8·4'7). The learner has thus to be put in a position to
develop towards such an ideal. The characterisation given to
educational relevance by this study thus has major implications
in the following areas:
a) development of processes and techniques for student
learning which enhance personal and instrumental relevance.
b) staff development in chemical education, where
analytical and evaluative skills in an educational context
are implied.
These will now be discussed more fully.
10.4'3 Student learning: One factor apparent during this study
has been the ease with which the focal concepts have been
discussed when what might be termed 'personalised cognition'
had taken place. Several strategies for this personalisation
were noted:
a) searching for 'patterns':-
H: I think if you can see a pattern, then you can get an
understanding of what's going on ---
[TR 8; lines 80-81]
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b) using 'themes':-
A: You can use energetics as a thread on which you can hang
virtually all chemistry.
[Tr 1; lines 263-264]
c) seeing 'chemical realism':-
WI: --- it's easier to understand from my viewpoint - describing
it in a molecular manner --- much easier to relate to a
molecular viewpoint than energy states which is --- nebulous.
I think it's just too vague, nothing actually concrete to lock
onto there.
[TR 23; lines 455-461]
d) linking theoretical and practical learning:-
F: Yes, of course, every practical example makes teaching
better --- it sets imagination going and you can visualise
things.
[TR 6; lines 501-503]
These factors seem to produce an internalisation or personal
construction during learning which enhanced understanding.
Considerable naturalistic research has been done in the area
of student learning, using qualitative methods and rigorous
analysis of interview data. Some important outcomes of this
research are summarised in Table 37:-
Aspect Full understanding Partial understanding
Referential Deep processing Surface processing Marton
approach 1976
~ Organisational Holistic approach Atomistic approach Svensson.~approach 1976 et seq.c:~
~
(1) Strategy Meaning orientation Reproducing Entwistle~
~ orientation 1968 et seq.
0
(1) Style Comprehension Operation Pask 1975ue learning learning et seq.(1).~
~
(1) Motivation Intrinsic Extrinsic FranssonQ.
x 1977~
Premise: Personal construction of knowledge is characteristic of
full understanding.
TABLE 37: Summary of research into student learning.
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These inquiries were undertaken within a personal construct
framework and hence the premise made is that personal
construction of knowledge is a necessary requirement for
full understanding in learning. Such full understanding
would appear to be achieved through a certain specific
attitude to learning. This appears to require an ability
and personal willingness to search for meaning embedded
in an integrative context [A useful review of research
into student learning is given by Ramsden (1985)].
10·4·4 These findings may be related to my argument that
full understanding equates with optimal occupation of
perceptual space, and that such occupation may be limited
by the extent of perceived personal and instrumental
relevance. For a student to develop such optimal
occupation, experience of education should foster full
understanding, and not partial understanding. Within the
data, there are clues indicating why such partial under-
standing may occur (7·5·7). Although the following examples
are taken from the student group. similar comments are
found throughout the interviews:-
BBl: A lot was not actually relevant; we did projectiles in
physics, and that didn't mean much for Food Science [the main
subject of the degree].
[TR 29; lines 80-81]
BB2: --- it was easy to learn rote fashion and get good marks.
[TR 29; line 99]
BB3: Organic lectures were terrible. Organic chemists must be
the most boring people on earth with little arrows going
everywhere ---
[TR 29; lines 136-138]
BBI: In our physical chemistry course we split up our course
into different sections so when you finished one you went on to
something else straightaway - they weren't related. It's just
that the lecturershad a timetable for you and that was it.
[TR 29; lines 265-269]
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Wl: --- our practicals didn't run with the course; we did practicals
but we were doing all this - we might be doing organic chemistry
practicals when we were doing kinetics.
[TR 23; lines 216-218]
These, I suggest, are all instances of situations likely to
induce partial understanding, ie. surface processing ('easy to
learn by rote'); an atomistic approach ('we split up our
courses'); a reproducing orientation ('little arrows going
everywhere'); operation learning ('doing organic practicals
when we were doing kinetics'); and extrinsic motivation ('a lot
was not actually relevant').
10·4·5 This rather pejorative scene changes significantly when
student involvement occurs, or when the perceived relevance is
high. For example, the following discourse occurred in one
group interview (TR 29):-
W2: Yes, I must admit it is approach, because the six months I spent
in Sweden completely different approach.
I: Is that so? What happened there?
W2: It was - we were taught.
I: Mm - hm! What do you mean by taught?
W2: Well, we were taught rather than lectured at.
I: A lot of English universities would say it's exactly what they're
doing!
[Wl: (in background) It's a waste of time going to university].
W3: No, no - there's no discussion.
W2: No, no - like this chap Stefan, used to lecture us. He used to
come in and, I mean we got on really well with him, we'd have a chat
about things and -
Wl: Thought provoking -
W2: Yes, yes -
WI: They actually make you do some work -
W2: Yes, yes -
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WI: - interacting -
W2: - and he used to ask questions, and 'put your hand up' and - it
was like being back at school, but I learne. more definitely in six
months of being in Sweden than I learned in two and a half years at
[ --- ].
[TR 23: lines 531-551]
original emphasis.
Another student emphasised the point about relevance very
clearly, in talking about her experience in comparison with
others:-
BBl: Two lecturers had been in industry and brought their experience
in with them and integrated that into their lecturing which was very,
very good - so we had a rough idea of what to expect before actually
going out into the big wide world. So that was a good idea! Whereas
talking to some people who had just done straight chemistry they were
taught by people who'd been at university for years and years and
couldn't remember what the outside world was like and it was literally
just writing a whole mass of things on the board and not relating it
to anything. It was just stuck there!
[TR 29: lines 413-425]
10·4·6 When asked what gave relevance to chemistry courses,
the student group produced suggestions which may be summarised
thus:-
a) something you can use:
b) something you can see the importance of:
c) something you can see it is worth learning:
d) a particular piece of theory which can be useful;
e) an ability to apply knowledge.
The comment was also made that 'it makes it easier to remember
things as well, if they've got some sort of application' [TR 29].
Taken all together, this evidence suggests to me that far more
attention needs to be paid not only to personal relevance for
students, but also to their perceptions of instrumental
relevance. Higher education should endeavour to produce those
conditions which foster full understanding, name1y:-
a) teaching techniques which demand a deep approach, and
comprehension learning in a holistic context.
b) a realistic linkage between theoretical knowledge and
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its application through the development of application
skills.
10,4'7 In suggesting the above, I am not specifically or
deliberately intending to support a vocational approach. It
must not be assumed that the sole aim of higher education is
to train people for employment. My arguments are intended to
suggest ways of improving understanding through learning. This
mayor may not have a vocational connotation. What has become
clear to me through this study is that understanding is fostered
through seeing the relevance of application - or, put another
way, knowledge seems more relevant if it is 'application
oriented'. This is subtly different from the current swing
from content 1£ process in science education. What I am
suggesting is that process skills are used to help understand
content. This is the full import of the fourth characteristic
of educational relevance in chemical education (Table 35).
The process skills which seem to be important as far as the
focal concepts are concerned are the thinking modes elicited
in this study. These are necessary to produce an understanding
which enables a person to combine 'an analytical and synthetic
approach to work situations, problems and decisions' (8·4·7).
10·4·8 The enhanced relevance gained in this manner need not,
and indeed should not, reflect only directly utilitarian ends.
The professional practitioner also requires a developed
intellect. This issue was not lost on some students; for
example:-
BB1: What you were asking about just now about the relevance of
university. It's just what [BB3] and I were saying at the beginning,
taking the example about Schroedinger. Yes, fair enough, that doesn't
have any useful application for industry or an outside job. But what
it does do is it stretches your mind and it increases your knowledge.
So, you don't just go to university to apply anything that you learn
there to an outside world. You're also going to expand what knowledge
that you have - so that's interesting. So there's a difference. You
can't just have all - all relevance based courses.
[TR 29; lines 560-575]
original emphasis.
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My point is made by the last comment. The main argument here
is an appreciation of the implicit relevance of intellectual
development for an individual. Explicit relevance is only
given to vocational purposes. I believe chemical education
would be much more effective if all the 'relevance values'
were explicit - which leads me to the second area which I think
this study may illuminate.
10'4'9 Staff development in chemical education: Throughout
this study, teaching standards and course design in higher
chemical education (as it relates to the focal concepts) have
been heavily criticised. The following quotation is given.
not for any judgemental reason, but because the participant
concerned had not only worked in industry but researched and
taught in American and European universities:-
T: --- I must say. in all my experience of universities, I've never
come across worse teaching than I've come across in Physical
Departments - their attitude towards it - they're almost like a
different breed of chemist. It's really put me off, everywhere I've
been.
[TR 20; lines 394-397]
In a more general vein, Professor McKeachie, writing in the
Foreword to Harton et a1 (1985), has noted that:
'Faculty members uniformly think of their courses as
contributing to the development of thinking that is more
analytical or critical. Yet in practice we often teach
in ways that direct our students to rote memorization.
and then blame the students for the fact that they have
not achieved our objectives.
I have often said in lectures that professors frequently
confuse difficulty of a test with high standards of
educational value, and that it is easy to make a test
difficult without making it a more effective measure of
achievement. This book [The experience of learning]
attacks the 'building blocks' conception of knowledge -
that knowledge involves knowing more and more details of
a particular discipline Test questions are made
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more difficult as they become more and more periphal to
the phenomenon, or as they become narrower in scope,
encompassing 'very specific details of an event or minor
part of a phenomenon' --- Higher Education on the other
hand is generally concerned with introducing conceptions
of knowledge involving greater understanding and analytical
ability.'
P viii.
Professor McKeachie's views are supported by many of the
criticisms in the data: over-didactic courses; concentration
on facts for examination; excessive abstraction due to over-
spetial'5~ncn (mainly through mathematical modelling); teachers
who are too purist with their knowledge to involve practical
applications.
10·4·10 This picture is comparable with Schon's (1983)
description of one style of professional activity, that of
'Technical Rationality', in which:
'professional activity consists of instrumented problem
solving made rigorous by the application of scientific
theory and technique.'
P 21.
contention that even if the 'technical rationality'
professional activity is satisfactory for a research
is unsatisfactory for a teaching role. The other
professional activity offered by Schon, the 'Reflection-
in-action' style, seems to me, more valuable for teaching since
it recognises:
'the complexity, uncertainty, uniqueness and value
conflicts which are increasingly perceived as central to
the world of professional practice.'
p 14.
Schon argues that many aspects of professional activity involve
'recognitions and judgements' which have been learned,
internalised and then taken for granted. It is important for
professional development to make these implicit factors
It is my
style of
role, it
style of
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explicit, through a process of 'reflection-in-action'. An
important aspect here is that:
'when someone reflects-in-action, he becomes a researcher
in the practical context'.
p 68.
10·4·11 A move from the Technical Rational style to the
Reflection-·in-Action style through staff development programmes
in chemical education would seem to be demanded by the
characterisation of educational relevance provided by this
study. The changes involved may not be easy, since by
implication, personal commitments are involved (see Table 38).
Aspect Technical Rational Reflection - in - Action
Mode Instrumental solution of Inquiry in a practical context-- standard problems
AEEroach Knowledge of discipline Framing of problems in
leading to conjunction with
Diagnostic procedures Drawing on experience in
leading to conjunction with
Performance of algorithms Evolving experimentation
Commitments:
1.Philosophy Realist Relativist
2.Psychology Behaviourist Constructivist
3.Sociology Functionalist Interpretative
[After SCHON, D. (1983)]
TABLE 38: Styles of professional activity.
That such staff development programmes ~ possible has been
shown by a collaborative development b~tween the University of
Surrey and the Roehampton Institute to provide a Diploma/M.Sc
in the Practice of Science Education by distance learning, for
science educators of the 9-19 age range. It draws on the same
philosophical basis as Schon's 'Reflection-in-Action', with
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course members being required to critically examine their
current educational practice. It also views the educational
enterprise from a constructivist standpoint [see for example:
Gilbert and Horscroft (1985); Horscroft and Pope (1985);
Horscroft, West and Denico10 (1986)]. Although the course is
designed for pre-university teaching, its message is
applicable to all science teaching. As the authors of Module
A2 say to the course menbers:
'We have deliberately laid stress on helping you to
reflect on ~ views on the teaching of science. From
time to time we have set up dichotomies or ideal types.
We do not assume that you will have placed yourself
firmly in any such category, but we do hope that
consideration of such typologies will have helped you
sort out some of your personal values.
We have also emphasised the importance of interaction
between student and teacher. --- we are advocating the
need for reorganising the personhood within each
individual and the necessity of taking this into
consideration during the teaching process ---. We
believe that rigorous reflection on the process of
teaching, development of increased self awareness, a
responsible and caring attitude towards students and work
colleagues are vital elements related to competence.
These skills are not automatic and are not 'once and for
all' items to be learnt. The development of such
competence is an on-going process and one that is
essential in a changing environment. --- We have indicated
that significant learning is likely to occur only if the
'facts' to be learned are construed by the learner as
having personal relevance. Teachers need to be aware of
the current perspectives of learners in order that
experiences may be generated in which learners can reflect
on their own views and recognise their role as theory
builders.'
(Horscroft and Pope 1985, Study guide, p192)
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10·4·12 The main benefit of such staff development would not,
I think, rest at the level of improved teaching. The
implication of being a reflective practitioner is that, through
reflection on one's practice, research is undertaken on how
one applies one's knowledge for a specific purpose. This
linking of theory and practice would inevitably lead to
inspection of several important features of chemical higher
education, including:
a) the teaching/research contract: whether teaching and
research are compatible, and if so in what way; if not,
what are the implications for chemical education?
b) the identification and understanding of those skills
demanded by industrial practice in chemistry; how these
may be developed in the novice, with optimal educational
relevance.
c) which organisational structures within chemical
education will provide optimal educational relevance?
d) which are the most appropriate mechanisms for developing
optimal relevance in chemical education courses?
10·4·13 Thus there is a dimension beyond lecture-room and
laboratory performance. The whole learning environment is
involved, from the Department through to the curriculum. Data
evidence suggests that knowledge is best understood through
practical application. In this respect, biochemistry is seen
by students to be more relevant than pure chemistry. Does
this imply that institutional organisation should follow
'application structures' rather than 'knowledge structures'?
Certainly there is evidence that the ambience of academic
departments influences student learning [Ramsden (1982)]. Who
decides on what is taught in chemical education? Is the
involvement of chemical industrialists on Advisory Panels more
than just 'tokenism'? If not, are their relevance values the
same as those of the academics? Prosser (1982) suggests that
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undergraduate curricula are largely determined by academics'
perception, because no effective means have been found for
academics to understand and accept other perceptions.
10·4'14 Some evidence of differing views on the curriculum
comes from the questionnaire. One open question (D14) asked
which criteria were considered most or least important in
selecting course content in chemistry. Table 39 (see p 245 )
provides a summary of the responses. Two general factors are
apparent: practitioners and students seem to concentrate on
understanding, educators on knowledge; educators have no
common factors of concern. This seems to be a poor recipe for
curriculum development. The 'least important' factors
certainly seem to point to a mismatch of relevance perceptions.
I believe a clear case can be made for a major programme of
staff development in chemical education on a 'reflection-in-
action' principle supporting, and supported by, research into
improving educational relevance.
10'4'15 One feature of the interview data that requires
inspection is the obvious need for some participants to have
'concrete' (molecular) models to make chemical concepts 'real',
and the difficulty found by these (and others) with the
increasing abstraction of mathematical modelling (7·3'10).
I find two aspects of this situation interesting. Firstly,
molecular modelling is in practice an interpretation of
mathematical relationships derived from observed data. In
principle therefore neither is more 'real' than the other.
That some find a 'concreteness' in molecular modelling which
helps with understanding and imagination in preference to
'abstract' mathematical modelling, may parallel a situation
found by Larkin (1982) between novices' and experts' mental
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Practitioner Educator Student
Practical situations Clear concepts (1) Related to industry
related to industry (5) Uncluttered syllabus (1) and real life (6)
Sequential concepts (1)
Theoretical and mathem. Advanced topics of Theoretical and mathem.
treatments (5) no educational use (1) treatments (6)
Comprehensi ve coverage (1)
Ease of quantifn (1) Solving problems (4)Industrial problem
solving (2)
Mental stimulation (2)
Integration of
subjects (2)
More understanding/
less information (1)
Good practical egs (1)
Relevance to 'life' (1) Qualitative understanding
Promotion of under- first (2)
standing (1)
Practical skills (1)
Co-ordination Practical experience (1)
between subjects (1)
Less abstract, more
real (1)
Students' expect-
tations (1)
~
c
ca~...
&.e.~
Effective teaching (1) Mental stimulation (1)
Interesting material (1)
Links with industry (2)
Knowledge of reaction
mechanism (1)
Scope for personal
development (1)
Good balance between
sciences (1)
Taught by committed
teachers actively
researching (1)
Bottom-up development
towards carefully
considered aims (1)--------
Other skills ego
essay writing (1)
-------
Cramming with facts (4) Wide range options (1)
Academic experts
involved (1)
Job market (1)
Exam results (1)
Cramming facts (3)
Examinations (1) Exam orientation (2)
History of discoveries (1)
[Number of responses in brackets]
TABLE 39: Criteria for content selection: responses to D14.
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models in physics. The novices' model was qualitative and
limited; the experts' model became quantified and abstract.
A better understanding of the situation in chemical education
might be informative of the importance of modelling in
conceptual development. Secondly, the need for 'chemical
reality' may be evidence of 'conflict' between personally and
socially constructed knowledge. Berger and Luckman (1967)
suggest that the social distribution of knowledge entails a
dichotomy through general and role-specific relevance. They
also claim that role-specific knowledge will grow at a faster
rate than generally relevant and accessible knowledge. As
each role-specific subset increases in complexity it becomes
more exclusive and inaccessible to outsiders. In this way
disciplines and sub-sets of disciplines are generated. By
comparison if we take a constructivist view, knowledge is
constructed by the learner as an active sense-maker, this
implies a distinction between private understanding and public
knowledge. Learning involves the learner in constructing a
private understanding of some part of public knowledge. It
is tempting to suggest that if full understanding is to occur,
then public and private 'knowledge' must be compatible. If
only public knowledge (ie. concensus science) is acquired,
personal relevance could be low. If only private knowledge
exists then there may be little instrumental relevance. This
whole area would seem a fruitful field for further research.
10·5 Summary.
10.5.1 Early on in this report, I remarked on being given an
opportunity to "really learn some chemistry" when I first
started teaching (1·4). What has become clear from experience
gained in this research, is that this was the first occasion
on which I recollect truly reconstructing formal knowledge
for myself. My chemical education to that point had largely
been 'algorithmic' and rote. This is perhaps a good example
of the message that I hope will be taken from this report.
Personal learning promotes understanding, flexibility and
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creative thinking, in a major way. Algorithmic learning is
constricting and of short duration. Educational relevance is
a key factor in an individual's decision to engage in personal
learning.
10·5·2 The tacit assumption that we all know what educational
relevance is, and that we all mean the same thing by it should
be rejected. The evidence that those outside education see
the current processes as irrelevant is too compelling.
Employers seem to prefer traits of adaptability and creative
thinking to academic achievement.
industrialist, made this clear:
Participant J, an
J: --- a first class honours degree is not necessarily what you're
looking for. The prime requirement that we have in our game is
commonsense -- a pure academic is just a waste of time.
[TR 10; lines 98-104]
Peter Wilby (1986) reporting in the Sunday Times reinforces
this point, as does the Standing Conference of Employers of
Graduates (SCOEG, 1985) in its response to the green paper on
the development of higher education into the 1990's:
, The employability of graduates is often assumed to be
simply proportional to the 'relevance' of their degree
subject and the level of their academic attainment. This
is an oversimplification.'
(Appendix 111, Introduction)
my emphasis.
10'5-3 What this study urges in the induction of students
into chemical practice, is the production of courses that
stress the application skills needed to use chemical knowledge
in a range of practitioner-roles. Content is thus defined
more by application than high-specialism; understanding given
priority over unthinking knowledge acquisition; long term
learning valued more than immediate academic performance.
Three general recommendations follow, which it is believed
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will enhance educational relevance:
1. That the relevance perspectives for all the interested
parties in chemical education are recognised and their
value bases equally respected.
2. Course design should accommodate both instrumental
and personal relevance.
3. Mechanisms for consultation between industry and
academia must rest on explicit values and assumptions
for educational relevance.
10·5·4 The following suggestions for action towards achieving
these recommendations follow (no particular order of priority):
a) learning situations should be developed in which
thinking strategies are facilitated through personal
learning.
b) application skills should form a major focus for
course content, so that knowledge is encountered through
practice, or through necessity, as part of an analytic/
synthetic solution-finding process.
c) over-theoretical and abstract explanations which have
minimal practical importance should be avoided until
such time as a more qualitative understanding has
provided a motivational base.
d) greater integration should be provided between
conceptual areas,on themes relating to application, so
that a more holistic understanding is possible.
e) a reflective and evaluative approach should be adopted
in the teaching role in higher education, and linked with
chemical education research.
f) staff development programmes in higher education
should support and foster the above actions.
g) regular close co-operation with chemical practitioners
at a 'working-level' rather than 'advisory-committee
level' should be instituted.
10·5·5 Certain areas for further study are highlighted by
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these recommendations and suggestions:-
A: Organisational issues:
1. The relationship between the teaching role and
'pure science' research in chemical education, and
the 'parity of esteem' associated with the research
function compared with the teaching function.
2. The suitability of organising teaching in higher
chemical education using 'discipline-oriented'
structures as opposed to 'application-oriented'
structures. Is the traditional Chemistry Department
out-moded?
B: Teaching/Learning issues,
1. The transferability of the models elicited in this
study to other conceptual areas in chemistry.
2. The characteristics of role-perceptions among
practitioners and their importance in designing
courses in chemical education.
3. The phenomenon of 'chemical reality' relating to
molecular modelling and its importance in developing
an understanding of chemical concepts.
4. Detailed elicitation of the value bases associated
with relevance perspectives, and their origin.
10,5,6 It is clear that moves in the direction of the above
suggestions ~ occurring. At Roehampton Institute a new
undergraduate course is under discussion which embodies many
of the suggestions made above, and which it is hoped will
combine enhanced educational relevance on a vocational as well
as an academic front. Other universities also are meeting
the pressure to change. As one Senior Lecturer in Physical
Chemistry said during interview, pressure from industrial
links had changed his teaching, through the introduction of
'richer' industrially-related material. On the positive Side,
this had put his courses 'in touch with the real world'; on
the negative side. he regretted the lack of detailed depth
required by the new courses. Academic standards had not
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changed, but a different 'product' left the university (see
Appendix 8 for a detailed excerpt).
10·5·6 Throughout this study I have felt rather like a
mariner navigating between icebergs. What is seen is but a
small proportion of what one suspects exists. I realise that
the task I have undertaken is a complex and largely uncharted
one, but my hope is that by 'holding a mirror to nature' the
tips of the icebergs are visible, and some notion of the
hidden substance revealed.
* * *
BIBLIOGRAPHY
BIBLIOGRAPHY
ADELMAN, C., JENKINS, D. and
KEMMIS, S.
AGAR, M.
ASHMORE, P.
ATKINS, P.
BAKAN, D.
BERGER, P. and LUCKMAN, T.
BERNSTEiN, J.
BIGGS, J.
BISHOP, C.
BOGDAN, R. and BIKLEN, S.
BASSEY,M.
(1976):
(1980) :
(1965) :
(1986) :
(1967) :
(1967) :
(1979):
(1976) :
(1977) :
(1982) :
(1983) :
Rethinking case study; notes
from the 2nd Cambridge
Conference. Cambridge J.
Education. N°6, pp 139-150.
The Professional Stranger: an
introduction to ethnography.
London: Academic Press Inc.
Reaction kinetics and the law
of mass action.
Education in Chemistry I, 4,
pp 160-166.
Physical chemistry (3rd edit.)
Oxford: Oxford University Press.
On method towards a reconstruction
of psychological investigation.
San Francisco: Jossey-Bass Inc.
The social construction of
reality.
London: Allen Lane.
Experiencing science.
London: Burnett Books/Andre
Deutsch Ltd.
Educology! The theory of
educational practice.
Contemporary Educational
Psychology 1, pp 274-284.
High school chemistry,
relevance or principles.
J. Chemical Education 54, 3,
pp 169-170. --
Qualitative research in education.
Boston: Allyn and Bacon.
Pedagogic research into
singularities; case-studies,
probes and curriculum innovations.
Oxford Review of Education ~,2,
pp 109-121.
BRENNER, M.
BRITION, J.
BROADFOOT, P.
BROADFOOT, P. and NISBET, J.
BROCK, W. and MEADOWS, A.
BRONOWSKI, J.
BRUNER, J.
CANDY, P.
CANNELL, C. and KAHN, R.
CHAMBERS Twentieth Century
Dictionary.
CHANAN, G. and DELAMONT, S.
CHEN, E. and SJOBERG, S.
CICOUREL, A.
(1981): Survey interviewing.
Paper presented on 'The Research
Interview'. Dept. Educational
Studies, University of Surrey.
(1972) : Language and learning.
Harmondsworth: Penguin.
(1979) : Educational research through
the looking glass.
Scottish Educational Review 11
pp 133-142.
(1981): The impact of research on
educational studies.
British J. Educational Studies
xxix N° 2. June 1981.
(1977): Physics, chemistry and higher
education in the U.K.
Studies in Higher Education I, 2,
pp 109-124.
(1976): The ascent of man.
Book Club Associates.
(1974): The relevance of education.
Harmondsworth: Penguin.
(1982): Mirrors of the mind.
Manchester: Manchester Monographs
N° 16.
(1968): Interviewing:
in LINDZEY, G. and ARONSON, E. (Eds.)
The handbook of social psychology
(2nd edition) Vol. 2 Research
Methods.
Reading MA: Addison-Wesley
pp 526-595.
(1983): Edinburgh: W & R Chambers.
(1975): Frontiers of classroom research.
Slough: N.F.E.R.
(1980): The kinetics and thermodynamics
of the phenol from cumene process.
J. Chemical Education 57, 6,
pp 458-461.
(1974): Language use and school
performance.
~ew York Academic Press.
COHEN, L. and MANION, L.
COOK, T. and REICHARDT, C.
COTTRELL, A.
DAVIS, R.
DEARDEN, G. and LAURILLARD, D.
DENZIN, N.
DEPARTMENT OF EDUCATION AND
SCIENCE.
DOUGLAS, J.
•
DREITZEL, H.
EDELSON, D.
ELLIOTT, J.
ELLIOTT, J. and ADELMAN, C.
(1980): Research methods and education.
London: Croom Helm.
(1979): Qualitative and quantitative
methods in evaluation research.
Beverley Hills Ca.: Sage.
(1978): The steersman and outrider case.
The Times Higher Education
Supplement, 25'8·78, P 9.
(1975): Cognitive processes involved
in solving simple algebraic
equations.
Journal of Children's
Mathematical Behavior 1, pp 7-35.
(1977): Illuminative evaluation in
action: an illustration of
the concept of progressive
focussing.
Paper presented to 2nd Annual
Conference of B.E.R.A. London
University.
(1978) :
(1985) :
(1976) :
(1970) :
(1975):
(1980) :
(1975) :
The research act: a theoretical
introduction to sociological
methods (2nd edition).
New York: McGraw-Hall.
Science 5-16: a statement of
policy.
London: HMSO.
Investigative social research.
Beverley Hills Ca.: Sage •
Introduction: in DREITZEL, H. (ed)
Recent Sociology Volume II
London: McMillan.
The new look in chemical
kinetics.
J. Chemical Education 52, 10,
pp 642-644.
Validating case studies.
Paper presented to Annual
Conference of B.E.R.A. Cardiff.
Teachers' accounts and the
objectivity of classroom
research.
London Educational Review ~,
(2/3), pp 29-37.
ENTWISTLE, N.
ENTWISTLE, N. and HOUNSELL, D.
FENSHAM, P.
FENSHAM, P.
FENSHAM, P.
FEYERABEND, P.
FEYERABEND, P.
FRANSSON, A.
FREEMANTLE, M.
(1968) :
(1979) :
(1976) :
[a]
(1976):
[b]
(1985) :
(1968) :
(1975):
(1977) :
(1975):
Academic motivation and school
students.
British J. of Educational
Studies 38, pp 181-188.
Student learning in its
natural setting.
Higher Education ~, pp 359-363.
Preparation for research in
science education.
Studies in Science Education 1,
pp 106-114.
Social content in chemistry
courses.
Chemistry in Britain 11, 5,
pp 148-151.
People, products and raw materials:
neglected opportunities for
chemical education in higher
education.
Higher Education Research and
Development~, 1, pp 71-79.
How to be a good empiricist.
In NIDDITCH, P. (Ed.): The
philosophy of science.
Oxford: Oxford University Press.
Against method.
London: Verso.
On qualitative differences in
student learning.
iv - Effects of motivation and
text anxiety on process and
outcome.
British J. Educational
Psychology 47, pp 244-257.
The chemist in industry 3:
Management and economics.
[STERN, E. series ed.]
Oxford: Clarendon Press.
GAGNE, R.
GAINES, B.
GAINES, B. and KOHOUT, L.
GARFINKEL, H.
GILBERT, J. and HORSCROFT, D.
GILBERT, J. and OSBORNE, R.
GILBERT, J. and POPE, M.
GIORGI, A.
GLASER, B. and STRAUSS, A.
(1977):
(1976):
(1977):
(1967) :
(1985) :
(1980) :
(1984) :
(1975):
(1967):
The conditions of learning
(3rd ed i t ,)
New York: Holt, Rinehart and
Winston.
Foundations of fuzzy reasoning.
International Journal Man-Machine
Studies~, pp 623-668.
The fuzzy decade: a bibliography
of fuzzy systems and closely
related topics.
International Journal Man-Machine
Studies 9, pp 1-68.
Studies in ethnomethodology.
New Jersey: Prentice Hall.
Module 0: Introduction.
Diploma in the Practice of
Science Education.
University of Surrey and
Roehampton Institute.
Identifying science students'
concepts: the IAI approach:
in ARCHENHOLD, W.(Ed.}:
Cognitive development research
in science and mathematics.
University of Leeds.
Making use of research into
teaching and learning: Module J
- Study Guide, Diploma in the
Practice of Higher Education.
Guildford: University of Surrey.
Convergence and divergence of
qualitative and quantitative
methods in psychology:
in GIORGI, A., FISHER, C.,
MURRAY, F. (Eds.).
Dusquesne studies in phenomeno-
logical psychology, Volume 2.
Pittsburg: Dusquesne University
Press pp 72-79.
The discovery of grounded theory:
strategies for qualitative
research.
Chicago: Aldine.
GUBA, E.
GUBA, E. and LINCOLN, Y.
GUBA, E. and LINCOLN, Y.
H.M. GOVERNMENT.
HAENSEL, V.
HEAD, J.
HERON, J.
HODGSON, V.
HOLLIDAY, A., HUGHES, W. and
MASKILL, R.
HONIGMANN, J.
(1978): Towards a methodology of
naturalistic inquiry in
educational evaluation.
Los Angeles: Centre for the
study of Education, UCLA.
(1981): Effective evaluation.
San Francisco: Jossey-Bass.
(1982): Epistemological and methodological
bases of naturalistic inquiry.
E C T Journal 30, 4, pp 233-252.
(1983): Command Paper 8336.Teaching
Quality.
London: H.M.S.O.
(1982): Catalysis: significance in
industry and relevance in
chemical education.
J. Chemical Education 59, 2,
96-97. --
(1985): The personal response to science.
Cambridge: Cambridge University
Press.
(1975): Six category intervention
analysis. University of Surrey:
quoted in POPE, M. and GILBERT, J.
Module L: Doing research into
teaching and learning (Study
Guide) •
Diploma in the Practice of
Higher Education. Inst. for
Ed. Development: University
of Surrey 1984 pp 50-51.
(1980): Lecturing and learning: a study
of students' experiences.
Ph.D. Thesis (unpublished).
(1973): Aims and objectives in university
teaching.
Education in Chemistry IQ,
pp 215-216.
(1970): Sampling in ethnographic field-
work in: NAROLL, R. and COHEN, R.
(Eds.) Handbook of Method in
cultural Anthropology.
New York Columbia University Press.
HORSCROFf, D. (1982) :
(a)
(1982) :
(b)
HORSCROFT, D. and POPE, M. (1985) :
HORSCROFT, D.,WEST, A. and
DENICOLO, P.
(1986) :
HUGHES, W. (1975) :
HUGHES, M., POLLER, R. and
SLADE, R.
HULL, C.
(1975) :
(1984) :
JEVONS, F. (1969) :
JEZOWSKA-TRZEBIATOWSKA, B. (1975):
JOHNSTONE, A., MACDONALD, J. (1977):
and WEBB, G.
JOHNSTONE, A., PERCIVAL, F. and (1981):
REID, N.
Beyond Skinner; trends and
developments in learning theory.
Research Methods Course
Assignment: University of Surrey
(unpublished) .
A philosophy of science education?
Are we being monistic?
Paper presented to PCKG seminar
(vnpu~lished). University of Surrey.
Module A2: Students and Teacher:
(study guide and extracts).
Diploma in the Practice of
Science Education.
University of Surrey and
Roehampton Institute.
Module C2: Conceptual
development in chemistry.
(study guide and extracts).
Diploma in the Practice of
Science Education.
University of Surrey and
Roehampton Institute.
Chemistry: pure v. applied.
pp 111-119 in DANIALS, D.(Ed.).
New movements in the study and
teaching of chemistry.
London: Temple-Smith.
Aims in chemistry teaching.
Education in Chemistry12, p 39.
Between the lines: the analysis
of interview data as an exact
art.
British Ed. Research Association:
Intelligence pp 8-11.
The teaching of science.
London: Allen and Unwin.
The evolution of the nature and
structure of chemistry.
In UNESCO: New Trends in Chemistry
Teaching, Volume iv, pp 28-35.
Chemical equilibrium and its
conceptual difficulties.
Education in Chemistry 14,
pp 169-171. -
Is knowledge enough?
Studies in Higher Education ~,
1, pp 77-84.
JONES, D. (1969): The education of scientists for
industry: report of a survey of
the views of professional
scientists.
London: Society for Research into
Higher Education.
KELLY, G. (1955): The psychology of personal
constructs Volumes 1 and 2.
New York: Norton and Co. Inc.
KELLY, G. (1969): Ontological acceleration.
In MAHER, B.(Ed.): Clinical
psychology and personality.
London: John Wiley and Sons.
KEMPA, R. (1976): Science Education Research: some
thoughts and observations.
Studies in Science Education 3,
pp 96-105. -
KNAMILLER, G. (1984): The struggle for relevance in
science education in developing
countries.
Studies in Science Education 11,
pp 60-78.
KOENIG, F. (1965): On the deduction of the equilibrium
law from kinetics.
J. Chemical Education 42, 4,
pp 227-230.
KOLB, K. and TAYLOR, M. (1980): Keeping chemistry relevant.
J. Chemical Education 57, I,
pp 20-21.
KONOLD, C. and WELL, A. (1981): Analysis and Reporting of
interview data.
Paper presented at the Annual
Meeting of the American Educational
Research Association Los Angeles CA.
KORNHAUSER, A. (1979): Trends in research in chemical
education.
European Journal of Science
Education 1, I, pp 21-50.
KUHN, T. (1970): The origins of scientific
revolutions.
Chicago: University of Chicago
Press.
KUSHNER, S. and NORRIS, N.
LAKATOS, I.
LARKIN, J.
LAURILLARD, D.
LAWTON, D.
LEACH, D.
MACDONALD, B.
MACDONALD, B. and WALKER, R.
(1980) :
(1970):
(1982) :
(1979) :
(1973):
(1978) :
(1977):
(1978):
Interpretation, Negotiation
and Validity in Naturalistic
research.
Interchange 11, 4, 1980
pp 26-36.
Falsification and the
methodology of research programmes
in: LAKATOS, I. and MUSGRAVE, A.
(Eds.).
Criticism and the growth of
knowledge.
Cambridge: Cambridge University
Press.
The role of representation in
physics in: GENTNER, D. and
COLLINS, A. (Eds.): Mental
models.
Hillside N.J. Lawrence Erlbaum
Associates.
Research methods in student
learning.
Paper presented at the 3rd
Congress of EARDHE Klagenfurt
Austria.
Social change, educational
theory and curriculum planning.
London: University of London
Press.
A science based generalist
degree: science with industrial
studies.
Studies in Higher Education 1,
2, pp 187-204.
A political classification of
of evaluation studies.
In HAMILTON, D. et al (Eds.):
Beyond the Numbers Game.
London: McMillan Education.
Case study and the social
philosophy of educational
research.
In HAMILTON, D. et al (Eds.):
Beyond the Numbers Game.
London: McMillan Education.
McGARVEY, J. and KNIPE, A.
McGAW, B. and LAWRENCE, J.
MAGOON, A.
MARTON, F.
MARTON, F., HOUNSELL, D. and
ENTWISTLE, N. (Eds.)
MASON, R.
MAXWELL, N.
MAYHEW, L. and FORD, P.
MEAD, G.
MICKEY, C.
MILES, M.
MILES, M. and HUBERMAN, A.
(1980) :
(1984) :
(1977):
(1976):
(1985) :
(1986) :
(1984) :
(1971):
(1932):
(1980) :
An introductory level Kinetics
investigation.
J. Chemical Education 57, 2,
pp 155-157. --
Developing expertise through
higher education .
..JHERDS A News £, 2, pp3-7.
Constructivist approaches in
educational research.
Review of Educational Research
ir, 4, pp 651-693.
On non-verbatim learning II,
the erosion of a task induced
learning algorithm
Scandinavian J. of Psychology
11., pp 41-48.
The experience of learning.
Edinburgh: Scottish Academic
Press.
Old Testament Wisdom: in
KING, M. (Ed.). Daylight (Mayl
Aug.).
Bible Reading Fellowship.
From knowledge to wisdom.
London: Blackwell.
Changing the curriculum.
London: Jossey Bass Inc.
Mind self and society.
Chicago: University of Chicago
Press.
Chemical kinetics: reaction
rates.
J. Chemical Education 57, 9,
pp 659-663.
(1979): Qualitative data as an attractive
nuisance: the problem of
analysis.
Administrative Quarterly 24,
pp 590-601.
(1984): Qualitative data analysis.
London: Sage.
NAGY, P. and GRIFFITHS, A.
NASH, J.
NISBET, J. and WATT, J.
NOVAK, J.
NOVAK, J.
NUNNALLY, J.
OPPENHEIM, A.
OXFORD Dictionary of English
Etymology.
PARLETT, M.
PARLETT, M.
(1982) :
(1973) :
(1978) :
(1981) :
(1984) :
(1975) :
(1966) :
(1966) :
(1974) :
(1978):
Limitations of recent research
relating Piaget's theory to
adolescent thought.
Review of Ed. Research 52, 4
pp 513-536. --
Classrooms observed.
London: Routledge Kegan Paul.
Case study design and development.
(Readiguide 26) Nottingham
University.
Personal construct psychology
and other perceptual pedagogies:
an early educational examination
and attempt at a late Deweyian
critique.
Paper presented to the 4th
International Congress on
Personal Construct Psychology,
Brock University St. Catherines,
Canada.
Application of advances in
learning theory and philosophy
of science to the improvement
of chemistry teaching.
J. Chemical Education 61, 7,
pp 607-612. -
Introductory statistics for
psychology and education.
London: McGraw Hill.
Questionnaire design and
attitude measurement.
London: Heinemann.
Oxford: Oxford University Press.
The new evaluation.
Trends in Education 34, pp 13-18.
Notes on interviewing workshop
seminars. In POPE, M. and GILBERT,
J. (1984). Module L:Doing research
into teaching and learning(Extracts)
Diploma in the Practice of Higher
Education. University of Surrey.
PARLETT, M. and HAMILTON, D.
PASK, G.
PATTON, M.
PATTON, M.
PEDDlWELL, J.
PETI'IT, P.
PHILLIPS, D.
POLANYI, M.
POPE, M.
POPE, M.
POPE, M. and KEEN, T.
POPE, M., WATTS, M. and
GILBERT, J.
(1972): Evaluation as illumination.
Occasional Paper 9.
Centre for Research in the
Educational Sciences, University
of Edinburgh.
(1976): Styles and strategies of
learning.
British J. Educational Studies
46, pp 4-11.
(1975): Alternative evaluation research
paradigm.
Grand Forks, University of North
Dakota Press.
(1980): Qualitative evaluation methods.
Beverley Hills Ca.: Sage.
(1939): The sabre tooth curriculum.
McGraw-Hill Inc.
(1978): Rational man theory.
In HOOKWAY, C~ and PETTIT, P.(Eds.)
Action and interpretation:
studies in the philosophy of
the social sciences.
Cambridge: Cambridge University
Press.
(1974); Conservative influences on
experimental research.
Research in Science Education
ASERA!, pp 3-9.
(1958): Personal knowledge.
Chicago: University of Chicago
Press.
(1981): Constructive alternativism in
in educational research.
Paper presented at the 4th
International Congress on
Personal Construct Psychology.
Brock University St. Catherines,
Canada.
(1982): Personal construction of formal
knowledge.
Interchange 11, 4, pp 3-14.
(1981): Personal construct psychology
and education.
London: Academic Press.
(1983): Constructive educational research.
Paper presented at the 9th
Annual Conference of British
Ed.ucational Research Association
University of London.
POPPER, K.
POWER, C.
PROSSER, A.
RAMSDEN, P.
RAMSDEN, P.
REASON, P.
REYNOLDS, D.
RIST, R.
RIST, R.
ROGET'S Thesaurus of English
words and phrases.
(1963): Conjectures and refutations.
London: Routledge Kegan Paul.
(1977): Competing paradigms in educational
research. Quoted in Fensham
(op cit) 1976 a, p 112.
(1982): The relevance of tertiary
science courses to professional
employment: who decides and
how.
Higher Education Research and
Development 1, 2, pp 143-153.
(1985): Student learning research:
retrospect and prospect.
Higher Education Research and
Development~, 1, pp 51-69.
(1982): How academic departments
influence student learning.
HERDSA News~, 3, pp 3-5 and 15.
(1981) : Issues of validity in new
inquiry research.
In REASON, P. and ROWAN, J. (Eds.)
Human Inquiry
London: John Wiley.
(1980) : The naturalistic method of
educational and social research -
a Marxist critique.
Interchange 11. 4. pp 77-89.
(1977) : On the relations between
educational research paradigms:
from disdain to detente.
Anthropology and Educational
Quarterly ~, pp 42-49.
(1980) : Blitzkrieg ethnography: on the
transformation of a method into
a movement.
Educational Researcher ~. 2,
1980. pp 8-10.
(1980) : Harlow: Longman.
ROSENTHAL, R.
ROWAN, J. and REASON, P.
SALMON, P.
SCHON, D.
SEIBER, S.
SELLITZ, C. et al
SHAW, M. and GAINES, B.
SHELDRAKE, P. and BERRY, S.
SHULMAN, L. and TAMIR, P.
SIEGAL, S.
SINCLAIR, J. and COULTHARD, R.
(1966): Experimenter effects in
behavioural research.
New York: Appleton-Century-Crofts.
(1981): Human inquiry.
London: John Wiley.
(1981): Coming to know.
London: Routledge.
(1983): The reflective practitioner.
London: Temple Smith.
(1976): A synopsis and critique of
guidelines for qualitative
analysis contained in selected
textbooks.
New York: Project on Social
Architecture in Education.
Center for Policy Research.
(1959): Research methods in social
relations.
New York: Holt, Rinehart and
Winston.
(1980): Fuzzy semantics for personal
construing.
In Systems Science and Science
pp 146-154.
Kentucky: Society for General
Systems Research.
(1975): Looking at innovation: two
approaches to educational
research.
Slough: NFER.
(1973): Research on teaching in natural
sciences.
In TRAVERS, R. (Ed.): Second
handbook of research on teaching
pp 1099-1148.
Chicago: Rand McNally.
(1956): Non-parametric statistics for
the behavioural sciences.
London: McGraw Hill.
(1975): Towards an analysis of discourse.
Oxford: Oxford University Press.
STARK, P. N
STENHOUSE, L.
STENHOUSE, L.
STENHOUSE, L.
SVENSSON, L.
SWIFT, D., GILBERT, J., POPE, M.
ZYLBERSTAJN, A. and WATTS, M.
TERHART, E.
TERHART, E.
(1956): A view from industry.
In Developing Professional
Skills in Chemistry: report
of a seminar held at the
University of East Anglia.
Mimeograph: University of East
Anglia.
(1978): Case study and case records:
towards a contemporary history·of
education.
British Educ. Research Journal
!t, 2, pp 21-39.
(1979): The problems of standards in
illuminative research.
Mimeograph: lecture given at
A.G.M., Scottish Educ. Research
Association. University of
Glasgow.
(1981): What counts as research?
British J. Educ. Studies xxix,
2, pp 103-114.
(1976): Study skills and learning.
Gottenburg, Acta Universitatis
Gothoburgensis.
(1982): Philosophies of Sciences in
science education.
Mimeograph: Department of
Educational Studies, University
of Surrey.
(1982): Interpretative approaches in
educational research: a
consideration of some theoretical
issues - with particular
reference to recent developments
in West Germany.
Cambridge Journal of Education.
N° 3, pp 141-160.
(1983): The adventures of interpretation:
approaches to validity.
Paper presented at the Institute
of Educational Development,
University of Surrey.
TORBERT, W.
TUCKMAN, B.
WALKER, R.
WATTS, D.
WEBSTER'S Third International
Dictionary of the English
Language.
WEST, P.
WHEELER, D.
WHITEHEAD, A.
WHYTE, W.
WILBY, P.
(1981): Why educational research has
been so uneducational: the case
for a new model of social science
based on collaborative inquiry.
In ROWAN, J. and REASON, P. (Eds.)
Human inquiry.
London: John Wiley & Sons.
(1978): Conducting educational research.
(2nd edLt,)
New York: Harcourt Brace.
(1980): The conduct of educational case
studies.
In DOCKRELL, W. and HAMILTON, D.
(Eds.) : Rethinking educational
research pp 31-63.
London: Hodder and Stoughton.
(1983): A study of alternative frame-
works in school science.
Unpublished Ph.D. thesis;
Univei~ity ~fSurtey ..
(1961): Chicago: Encyclopaedia
Britannica Inc.
(1979): An investigation into the social
construction and consequences
of the label epilepsy.
Sociological Review 27, 4,
pp 719-741. -
(1967): Curriculum process.
London: University of London
Press.
(1932): Aims of education and other
essays.
London: Williams and Nogate Ltd.
(1960): Interviewing in field research.
In ADAMS, R. and PREISS, J. (Eds.)
Human organisational research.
Dorsey Press.
(1986): Graduates fail to make the
grade.
Sunday Times 27th April.
WITHEY, D. (1975): Education and the cult of
relevance.
British J. of Educ. Studies
ll, 2, pp 168-180.
WRIGHT, P. (1965): Chemical equilibrium.Education in Chemistry 2, 11,
pp 14-18. -
WRIGHT, P. (1974): Against the teaching of thermo-dynamics in school.
Education in Chemistry 11,
pp 9-10.
YOUNGMAN, M. (1978): Designing and,analysing
questionnaires; Rediguide 12.
Nottingham: Nottingham University
School of Education.
ZADEH, L. (1965): Fuzzy sets.Information and control ~,
pp 338-353.
(1978): Reliable knowledge.
Cambridge: Cambridge University
Press.
ZIMAN, J.
ZUBIR, R. (1983): The impact of individualisedlearning and lecturing on student
learning in a Malaysian context:
perspectives of lectures and
students.
Ph.D. Thesis(unpublished).
University of Surrey.
APPENDICES.
Al·l
APPENDIX 1.
A parable, written in 1983.
ISTICISM: the construction of a perspective.
watched by Don Horscroft.
There is a fable 1 which retells something like this:-
'Xoat was a man wise beyond his years. In his creative moods, he
would ponder upon the world as he saw it, assessing the why's and
wherefore's it contained. His keen faculties enabled him to see into
the world more deeply than most, and in consequence people listened
to his words with respect. His views developed authority and status
and his followers grew in number. Each of these was proud of his Xoatic
affiliations, and used Xoatism as a formula for seeking answers to --
many questions. Being a Xoatist provoked acclaim and status. The
world of Xoatism became warm, supportive and flourishing.
But, there were other wise men who also thought deeply, not only about
their world but about Xoatism and its explanations. Soon, they found
flaws in the Xoatic tenets, and they argued against the Xoatists. They
cast around for an~ found other philosophers for comparison, and drew
their conclusions.2 They found Xoatism inadequate and incomplete.
Among these other wise men was one Knustxoat by name.3 In his creative
moods he pondered on the world as he saw it, and rejected Xoat's world
as a mis-conception. He saw the Xoatic approach as restrictive; Xoatism
did not provide adequate answers to his questions. In assessing the
why's and wherefore's of his world, he used his keen faculties to look
beyond Xoatism. In consequence, people listened to his words with respect,
and his views developed authority and status.
In the debate comparing Xoatism with Knustxoatism, each side defended
its position. As Xoatic literature blossomed, so did an opposing
Knustxoatic literature. Attitudes hardened. To be a xoatist, to use 4
Xoatic arguments, became either a positive force or a pejorative stance
depending on one's viewpoint. Though both approaches revealed useful
knowledge, out of the rigidly conformist thinking was constructed a
limiting perspective.
An observer of this debate - Remulus, by name - was asked which was
the most worthwhile; to be Xoatist or a Knustxoatist? In reply, he noted
that Rome was surrounded by seven hills. From each, a view of the city
could be enjoyed. It was true that the Palatinian view did not necessarily
include all that could be seen in the Quirinalian view. Also, the
A1·2
Capitolian view was particularly limited, due to the hill's height and
immediate environment. To be Capitolian in outlook did not, therefore,
give a good general picture of Rome as a city - though it was valuable
for certain thin,s. Perhaps one needed to embrace as many (if not all)
the possibleL~~~see the real Rome. It seemed to Remulus that identification
with one viewpoint only, led to isticism - the adopting of a limiting
perspective; the adherence to doctrine.'
The fable, as you may guess, has no real ending. The problem
facing the debaters is that of ~elinquishing the security
of identity to be innovative, without over-indulging in new
conformity. Yet, how much of that security is valid? The
fable does not consider the focus of the view, the perfection
of vision. And what of the birds-eye view? Is that necessarily
better? Is the moral pointing out that, in the fascination
of searching for a new justification, one must avoid the
danger of adopting a narrow mental vision - ISTICISM?
References:
1. A. Parry-Digham A History of new ideas. 1980
2. see particularly;
Belbuch N., Kand L., The methodology of myth and mystery. 1975
3. for further bibliographical details, see:-
Deville 5., Advok A.T., Reverse replication, essay in
Fiedbach(et al) Negative information systems.
4. Stabbin, Theebach Games people play; a retrospect.
1979
1978
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APPENDIX 2.
Excerpt from TR4, showing original transcript as marked during editing
and the edited copy.
ORIGINAL:
&trD well kinetics is is to do with rates [aa 88 i: ie'l!!
ea .a wieh eha )lew J how quickly things react .:l "0..
toqether [eRt (pa\lse) leah (l'atSse) er ~
"1 I whats the importance of knowing howquickly a reaction
proceeds, would you say?
'1D (Pause~ &..ell:, tiM,) in the chemical industrj its very
important [a~liIliHa;'---.....QIiI~~--:Jif things don't go fast enough[~ ;"10
~J you just don't have a process
~ 1 so you're hintipg at some sort of control?
well ( eftHa'a A as •• af AI ~a.e'li AI] there's a band of
rates that. important. If things go too slowlY,(YQIoY:your -J
the econcmics of building a reactor to ~ utilise that reaction :',)'
are going to be ( ena ~ no good. If they go too fast you
may not eve~ be able to control it - if its explosive. [se '.J
,.,I can you see whether this very loose definition of kinetics
is important in any other way(.pK\ frGII 'ayiA9 • ye, 'Aa', a
-J ?
~I 0 Yeaft I 0 0) well, yes, actually understanding
reag\iQA .ix\w •• , thJ- the order of reaction on the different
components, and the way they influence the reaction, can tell .-,.~..-
you something about the (etr3 actual pathway of the reaction
A2·2
'AI you mentioned the roHo'a...NIII-----4ieHI') phrase order of reaction?
If2.D yes
~'J I are you happy to amplify on that, (..) ?
[OuK ye5 - '''811 Ii,{ a if - wm = yaw. QA lII~r
9QQQae&& AQCo, yQ\ige' 'e i' iA, f ... a 'Jell
I .eM~. 4Yteae....f -J going right back to the
beginning, there's first order and second order reactions
where, I mean, first order reactions [w--J would be something
like[the ' er uhm - J radioactive decay, where you have
one component which [~ falls apart[~la\i9A) e~
~D ye5! - ,.'811!
~(~1~a~\i~9~AH\~eH.H)---~WW~~~H~or a second order reaction would involve
(- eRa • (paI.15e)
(- eR =3 reacting together to give something else, (so -)
• • •
A2·)
EDIT:
0: -- ••• finetic. is to do vith rates •• how quickl.7 things,
react together ••• (pause).
I :What's the importance ot knoviDghow quickl7 a reaction proceeds, would you s8.71
0: (pause) ••• WeU, in the chemical. induatrT it's verr important ••• U' things
don't go fast eno\l8h " you •• just don't have a processl
: So, ;you're hinting--at- some-sort ot control?
0: Well ••• there'a a band ot rates that's important. If' things go too slowIT, 10
• •• the economics ot builcling & reactor to •• utilise that reaction are going
to be •• no good. If they go too fast ;youmaynot even be able to control it
- it it'. explosive.
I : Can you .ee whether - thi,. ••• d.f1n1tJnn nf kin.tin. t. importmt 111 8D7
other vq?
0: •• Ye., actual11 UDderataDcUnB••• the orcler ot reaction on the 4U'terent
components, ana the war thq iDtluence the reaction, can tell 70U 1OID8th1Dg
about the - er - actual pathwq ot the reaction.
I: Tou .ention •• pbrue. 'order ot reaction' •• are JOQ haPP7 to UPli.t7' OD that?
0: ... 8'Oi.nB risht back to the beginning, there'. tint order anA .eed order .a..
reaction. where, I .em, t1rat orcler rea.ctio!1l wouldbe 80metbiDg l.J..b •••
ra4ioactift a.C&7. when you bave on. componentvh1ch tall. apart ••• or
a .econd order reaction wuld involve two ap.cie. react1.Dg together to 11ft
.omethiDc .1•••••
• • *
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APPENDIX 3. Data-base from interview analysis.
Category TRI TR2 TR3 TR4 TRS
Focal concept NL L L NL NLrelationship
Kin~Energetic * * - - -Reversibility - - - - -Mechanistic - - * * -
Equil:Energetic * * * * *Molecular * - ** - *Dynamic - * - * -
Pers. approach
to focal concepts - catalysis mechanism - change
Maths diffic. - - ** * -Kin. too mathem. - - *** ** *
Imp. in indust. * *** ** - *
Need for - * ** - *'realism'
Use of symbolic
* * *learning - -
Example of Isublimation ~vaporationequilib. - - -
H.E. + ve - - - - -
experience - ve * * ** ** -
Other points E P P P P
concept energy conflict in regrets tsees deve l ojseparation 'fundamenta ideas over poor H.E. from molec.
important equt I : chern.experience to
for recame into energetic
teaching thro wk. exp
Key: *** very strong opinion L: focal concepts linked
** strong opinion NL: focal concepts not linked
* clear statement P: practitionerno clear statement E: educators: student
A3·2
Category TR6 TR7 TR8 TR9 TRIO
Focal concept NL NL L NLrelationship -
Kin :.Energetic - - - * *Reversibility * - * - *Mechanistic - - - * -
Equil:Energetic - * - * *Molecular - - * - -Dynamic * - * * *
Pers. approach
to focal concepts - - patterns - -
Maths diffic. ** - ** - *Kin. too mathem. * - *** - -
Imp. in indust. - - - ** *
Need for
'realism' * - * - -
Use of symbolic
* * * *learning -
Example of dissolving evaporationequilib. - - -
H.E. + ve - - - - -experience - ve *** - * - *
Other points P E E E P
confused 'rate trap' looks for chem.eng.about very
equilibrium patterns syllabus defensiveoriented interview
Key: *** very strong opinion L: focal concepts linked
** strong opinion NL: focal concepts not linked
* clear statement P: practitionerno clear statement E: educators: student
A3'3
Category TRll TR12 TR13 TR14 TR15
Focal concept
L L NL Lrelationship -
Kin~Energetic - * * * *Reversibility - - - - -Mechanistic * * * - *
Equil:Energetic - - - * -Molecular * * * - *Dynamic * * * * *
Pers. approach
to focal concepts - - - - -
Maths diffic. - - - - -Kin. too mathem. - - - - -
Imp. in indust. ** * - -
Need for
'realism' - - * * *
Use of symbolic
*learning - - * *
Example of
equilib. - - - - -
H.E. + ve - - - - -experience - ve - - ** *** -
Other points P P P P P
self consc. chern. eng. ~heoretical molec. mod.
about poor chern. best I-hemistry easier to
memory left to 'artificia visual Enerj
'chemists more abstr.
proper'
Key: *** very strong opinion L: focal concepts linked
** strong opinion NL: focal concepts not linked
* clear statement P: practitionerno clear statement E: educators: student
A3·4
Category TRl6 TRl7 TRI8 TRI9 TR20
Focal concept NLrelationship L L L L
Kin~Energetic * - * - -Reversibility - - * - -Mechanistic - * * * *
Equil:Energetic - * * * *Molecular * - - - -Dynamic * - - * *
Pers. approach practical
to focal concepts - thermodyn. -basic - applicatior
Maths diffic. - - - *** -Kin. too mathem. - - - * **
Imp. in indust. ** - ** ** -
Need for
*'realism' - - - *
Use of symbolic
* * * *learning -
Example of - vapourisat. - -equilib. -
H.E. + ve - - - -
experience - ve - - - *** **
Other points molec. usef. math. model interesting teach. appr
in pract. of strong comment on conditioned
utilitarian probl. of his think-
value 'scale-up' ing
Key: *** very strong opinion L: focal concepts linked
** strong opinion NL: focal concepts not linked
* clear statement P: practitionerno clear statement E: educators: student
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Category TR21 TR22 TR23 TR24 TR25
Focal concept NL L L Lrelationship
Kin:Energetic - * limited - *Reversibility - - recall - -Mechanistic * * * -
Equil:Energetic - * limited * -Molecular * - recall - *Dynamic * - - *
Pers. approach
to focal concepts - - - ~echanism math.modelling
Maths diffic. - - ** * -Kin. too mathem. - - *** - -
Imp. in indust. - ** ** ** **
Need for
'realism' - ** * -
Use of symbolic
* * * *learning -
Example of
equilib. - - - - -
H.E. + ve - - - * -experience - ve - * ** - **
Other points E S E E E
entered Group Intv Royal Soc. learning
teach. as (3) university just reprod
only way of general Fellow facts
doing comment kinetics a
research recorded '~at~em.l.C •
Key: *** very strong opinion L: focal concepts linked** strong opinion NL: focal concepts not linked
* clear statement P: practitionerno clear statement E: educator
S: student
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Category TR26 TR27 TR28 TR29
Focal concept L Lrelationship - -
Kin~Energetic - * limited limitedReversibility I - - recall recall
Mechanistic * *
Equil:Energetic * * limited limitedMolecular * - recall recallDynamic - -
Pers. approach
to focal concepts - mental - -constraint
Maths diffic. * - ** *Kin. too mathem. - - *** **
Imp. in indust. ** * ** **
Need for
'realism' - - * *
Use of symbolic
*learning - - -
Example of
equilib. - - - -
H.E. + ve - - - *experience - ve * * * *
Other points E E S S
equil. is pt relationsh. Group Group
of contact betw. macro Interview Interview
with therm. -micro (4) (3)
maths as Gen. comm. Gen.comm.
tool recorded recorded
Key: *** very strong opinion L: focal concepts linked
** strong opinion NL: focal concepts not linked* clear statement P: practitionerno clear statement E: educators: student
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APPENDIX 4: Transcript showing coding used during analysis.
I:Now, the first area I'd like youto look at is reaction kinetics. Now,
what does that mean to you and what do you see to be the main ideas
involved in that? ---
Q:- - - I would judge reaction kinetics in terms of catalysts and
behaviour of catalysts to perform the job that they're required to do, ~
and how that varies with temperature and pressure. I suppose if
somebody mentioned reaction kinetics I would immediately think of
catalysts, and the behaviour of catalysts. But then there's, when ~
I think about it as well, there's also the mathematical modelling
of reactions and being able to model them be they 1st order, 2nd order, (0
Jrd order reactions, being able to produce mathematical model that
you can manipulate in order to understand or to have a good idea what's
going to happen if you alter, sort of, variables involved.
probably all.
I: - - you say your first thought is of catalysts - - - why catalysts? I~
That's
Q:Ah, because we come across a lot of catalysts - - - my experience has
been mostly on refineries and we're forever dealing with different
catalysts, I mean, refining this and that and de-sulphurisation for
cracking, moving certain things, adding certain things.
I: In what way does the catalyst relate to kinetics of a reaction?
Q: Because they're in reactors, that's why! I know that sounds very
simple, it's because when you mention a reactor on a petroleum refinery,
what's going to be in that reactor is a catalyst - so when you think
of reaction kinetics - but, there I mean, you know - a reaction is a
reaction is something burning, you know, whereas, you know, everything ~~
about you is a reaction, but when we talk about reactors we talk about
a catalyst container.
A4·2
I: - - - What's the functlon of the catalyst in that case?
Q: it has a number of functions. It's to basically change - either
to crack large molecules into small ones or to remove sulphur from the Jo
products, to produce certain types of molecules which you want to K
produce - you have platformer catalysts which upgrades petrol -
basically just mucking about with molecules of the petroleum to optimise
your products.
1:$0, would you say that you're using a catalyst to help in the
reorganisation of the molecule in some way?
Q:Oh, certainly! yes.
I:That's the way you view it straight away?
Q:Yes, that's how I view it.
I:Would you be comfortable with my saying that the idea of a catalyst is 4~
to increase the activation energy?
Q ~h , certain ly, yes.
I:And would you think that's a better way of looking at it?
Q:(pause) - it depends how you want to look at it. It depends if
you're trying to explain to somebody what's actually going on. I think
my definition would be far more readily acceptable for somebody who wasn't
aware of reaction kinetics, rather than your definition. If somebody
asked me what do I do for a living, and I start explaining about I work
in a refinery and we use a lot of catalysts, and if somebody - yes,
somebody asked me 'What is a catalyst?' not so long ago - I can't
think who it was - oh! it was a carpenter who was doing work for us -
and if I said - - - a catalyst was something which decreased the
activation energy between two things, right - he probably wouldn't be
able to grasp that so readily as me saying 'something that allows a
change to take place by bringing the two things into intimate contact HO
with each other.'
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1:00 you in your own work, ever have any recourse to uSIng the more
energetic explanation of reaction kinetIcs and catalysts?
Q:ln my course of work, no - - - I might do here. As I explained,
I've only been here a short time. But again, on a refinery what
happens is you have catalyst vendors and when a catalyst is needed for
a particular process, then you will ask the vendor what size he wants
us to design the reactor for, the speed that's going to go through, and
the operating temperatures and pressures. So actually I don't get
involved - - - with setting the design parameters for operatlng a unit ,~
in which there's a catalyst. - - -
1: can I ask you to do a similar thing for chemical equilibrium - - -
what are the main ideas you see involved in the area?
Q:Er - very dynamic situation, right?! Er which (laughs) - I view it in
terms of mathematical models, you know these are good questions,
aren't they! ••• Basically, if we consider, say a component in a multi-
component system - let's say it's between its dew and its bubble
point, then some of it will find its way into the vapour and some of it
will find its way into the liquid. The stuff that's in the vapour
-I~
will exert a certain presence and the stuff that's in the liquid will Ir
exert a certain pressure. And when these two pressures are equal, it's
in chemical equilibrium.
I:That would be true in terms of the phases you're talking about?
Q:That's right, yes. That's how I'd view it, actually in terms of
liquid and vapour phase. If you mention chemical equilibrium to me,
yes, I'd llDmediately think of liquid/vapour phases. Because you see,
again because we're designing distillation columns, then it's got a vital
interest to us, the equilibrium between a liquid and a vapour
because that's how you attain the purity of the substance, by stepwise
changes in the equilibrium between the liquid and the vapour as you go ~~
up and down the column.
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I:Now, in all that, you haven't actually related that closely to a
chemical reaction.
Q:To a chemical reaction? (pause)
I:You talked about things moving -
Q:(interjecting) Right, yes, that's right! I can see what you're getting
at, yes.
I:What do you think I'm getting at?
Q:- - - how I view it now is, when you give me these sort of buzz words, it
immediately means something to me 'cos we're using these concepts
everyday, but it's a slig~tly different way, from the sort of engineering
point of view - how to approach a problem - - - when you say 'equilibrium',
right, I think 'Ah! Liquid/Vapour equilibriUm, mate.' But now you've
mentioned in terms of a reaction I think 'Oh, well, the equilibriuum
constant between - if we have species A plus B going to Species C plus
0, and then an equilibrium is set up between the tendency for A plus
B to go to C plus D, and then an equilibrium will be set up and the
concentration of A is sufficient - er - when the concentration of A and
B - - - -
so
I:;alking about it is trickyl - - - what do you mean by 'the tendency'? 'b>
Q:The potential to go
I:Chemical potential?
Q:Yes, chemical potential from - - -
I:That's an energetic approach, is it?
Q:(with certainty) Yes! I would view it in terms of energy.
1:Is that your thermodynamic background?
Q:Yes, it is. I'd look upon it, having worked with thermodynamics for so
long, I would ~ to view most chemical happenings in terms of
thermodynamics.
,,0
E
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1:00 you think there's any way of explaining chemical equllibrium in
molecular terms?
Q:(pause) Certainly when I was at school, and when I was at
University, I was taught chemical equilibrium in molecular terms.
You know, lf I was to go to a book now, I could open it and say
'Ah! right, that's it!' But, to be quite honest, at the moment I'd be ,~
quite hard pushed to explain it in molecular terms. -
I~ - - Do you see any particular link between the field of reaction
kinetics and equilibria?
Q:(pause) Well, there's certainly a link, yes, I mean it's all part
of the, you know, chemical processes - - - that's a good question,
you see, because thermodynamics will tell you all about the equilibrium
- it will allow you to model a chemical system and tell you what
equilibrium will be obtained, but it won't tell you anything about the
~ that it will happen at, you know. So both those two things,
I'd imagine, would go a long way to fully defining - using both those
disciplines would go a long way to defining the chemical system
[ Interview interrupted briefly]
1:Oid you explain yourself adequately on that, do you think?
Q:Yes. I think that one tells you what will happen eventually, and
the other one tells you how quickly it's gonna happen.
1:If you think about teaching people chemistry for a moment, at
undergraduate level - - - would you think therefore, it would be
sensible to teach these two areas fairly closely together?
Q:Certainly - oh, certainly.
I:Because you see them as related?
Q:Yes certainly - - - as I was saying before, the biggest problem which
found, and which people who were at school with me found, was that it
13.5'
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was taught as something quite magical, you know, lt wasn't really
[that] simple - which is getting away from the question you asked me!
Yes, I think it is - - - certainly essential to teach them both
together.
I:' - - is there anything you want to ask me, - - - nothing else you
want to add to what we've said?
Q:I think working in industry for so long is certainly - what am I
trying to say? When I was at school, I did develop a really big
interest in chemistry, you know, with every aspect of chemistry,
every facet - - - but when you start working in a particular form you
tend to, you know, it's no longer that enjoyable anymore, which is
a real shame, because I found it really fascinating at school.
I:Any idea why that might happen?
Q:lt's probably if a chap's very interested in cars and he becomes a
mechanic, he soon gets pretty sick of cars (laughter), you know!
Edit ends
[ Unedited transcripts were also similarly analysed; some further
important statements were obtained this way]
* * *
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APPENDIX 5
ANALYSIS CATEGORIES
This Appendix contains examples of interview statements which
have been categorised according to the process described in
5'5, and as listed in Table 7 (p 77). Sub-factors are also
shown, as listed in Table 16 (p 114). As far as possible,
categories already quoted in the text have been avoided.
These excerpts have been clipped from raw transcript material
so that some appreciation of the basic material can be
gleaned.
AS·2
1. CATEGORY A: Personal attitudes to the focal concepts and/or physical
chemistry.
(Number of instances - 19)
1·1 AI: Focal concepts 'liked~
TR3:
I: or chemical kinetici - ,oe. by various namel. Now - could you
ju.t Iketch out what you lee to be the .. in important idea. or
concept. which are contained within that area of chemical
cODceptl - er - er - of chemical kineticI?
c: ~ll - ita an area which baa never really iDtereated me that ~~
IlUch. At univeraity 1 did - 1 didn't - tbere'a a book by
Barria called Cbemical Kinetic., which we bouaht and I read
tbrough, and -
~ 'fea
c: and 1 uled that to aet throu,h my degree to a certain extent. I~
Firat order and lecond or--- I did have to u.e it durina
.y PhD when we were doing nitreDe decompo.ition8
r. yep!
c: - bad to fiDd out whether it wa. a firlt or .econd order reaction,
I: )e. le'"
~~aDd, UBI, we did lome infra-red studiel plottin, to find out the
rate conltaDts and thina' like that, and that', the only real
involvement 1 bad w-with Chemical Xinetic •• Uh, my view i. that
it', one of thing' at University, perhaps, tbat people aren't very
interested in ,.
l; \Uua!
C: 1 don-II don't know if you - you know, other people aaree on thi,
but it. a very important aspect when you, when you come to doina
you know, working ,omewhere like ..
AS·3
TR8
H: But then - I also feel that I have a lot of problems in seeing
earlier down in ~ chemistry - further downin ~ chemistry, that
I feel probably, because I haven't recognised the patterns ~
earlier I'd gone put the stage of recognising the patterns,
and it became learning - for me - in inorganic. I also liked
a lot of the physical - some of the complexmaths left one a
little bit cold (chuckle) -
J:: Mml
H: - most of the physical I enjoyed. I enjoyed the physical
practicals - and - that sort of thing.
TRll
:t: Right. O.K. Uhm. In that chemistry - sort of formal chemistry of yours ~
- w-w-Yhichtopics interested you most? ~
K: I'd say physical chemistry.
~I)hl Whywas that? Any particular reason?
K~Becauset er, I was able to t to structure the study better - er - er -
organic chemistry and inorganic chemistry er appeared to be to a DIlch
,,-eater extent er the absorption of a body of f:l.Ctst whereas in physical 90
chemistry I was able to relate it - er - to a greater extent to fundamental
prinCiples.
AS·4
TRI8
I: was there any particular part of your first degree that you very much
liked?
~:Um - w', I obviously liked the chemistry, liked physical chemistry - um -
and - um - - I liked to some extent the physics and the applied mathematic -~
it was really just physics - theoretical physics.
!: Mm. What attracted you about those?
i:Erm - - - - - 'm, I suppose it was the - - the, erm - well the great
interest was, I - I - I suppose was the - in some of them was the - the
attractiveness of some of the solutions to - erm - you know, situ - ~
situations as it were, and the neatness, I can't remember a lot of it now,
but in fact the neatness of some of the proofs of - um - theories involved -
sort of hypotheses and so on.
1·2 A2 Focal concepts 'not liked'.
TRl2
~: Good. Now, why did you say 'dreadof dreads, thermodynamics'?
L: (laughs) Well it -it-it's a thing that - er -- its diffic -- I found - urn
as well as probably 99% of the other people who were there, difficult to
grasp at first until you've sat down and looked at it in er in a logical ~o
fashion - and - from what I can gather talking to the students I come into
contact with at Manchester and er at UMIST and Salford, it's still the
same. Thermodynamics see - seems to be the - erm - the bogey-man although,
once you've - once you cracked it y - you've cracked it.
I: Have you any idea why it's a bogey man?
L~I really don't - I, I've never --- I never really found out I mean, I always -
I always managed to pass the exams. But it always seems - seems far
more difficult than everything else. And, I, I honestly, I honestly don't
know - it does seem - seem to be a - er - still a general trend, that it -
its - (inaudible) maybe its a difficult subject to teach. fo
AS·S
TR14
!: A neat distinction. O.K. Enm, Now, Which - 'K er let's do - reflect
back on the area of chemistry as a whole. Which areas of chemistry
interest you most?
N: (pause) er- I suppose organic chemistry, organic synthesis. Erm.
Reaction pathways, perhaps, things like that. I was always less
interested in (the? physics of the solids) and ? also in theoretical
chemistry, things like thermodynamics which I - I always found
difficul t. A problem for a lot of other people, I know.
TR20
~3And are there any areas of chemistry that you find difficult or
interesting or - -?
i":Chemistry as a whole you mean?
I>. Mm! (assent)
i.. Physical chemistry, yes. It's not my forte - and, organic chemistry
I don't find any problem with, it's - (like being normal)?
I:What do you find difficult about physical chemistry?
~!Erm - I think mainly because I've never found it interesting, I've
never seen it - er - perhaps it's the way its been taught. I've neversr
really seen a use for all the things that I was taught. When I was
doing my finals, we were having - erm courses 1n statist1cal
thermodynamics and stuff like that - I couldn't see a use for it then.
I still can 't. Erm - particularly, it was very badly taught in that
?
we were expected to regurgitate, for example in (ancient) purposes, bo
complex mathematical do ( ?? erm and most of the people didn't
have the mathematical background to really understand it, so - you had
to memorise bits of it; and I could see the point of regurgitating
a proof where half-way through it you had to memorise what a certain
differential - or integration gave you - er - I just didn't ever see'S'
the point. And yet, the powers that he seemed to think it was important
(inaudible) turned us on, it was almost like poetry as far as I'm concerned.
TR20(cont.) AS·6
People learned it off by heart, churned it out - guaranteed get a
1st class Honours. That's not my way of doing ( ? ) something, you know,
unless I can understand every single thing about it, I don't want to know, ~
and it would have taken an awful lot of effort to actually go back and
really understand the fundamental mathematics, to have really got to
grips with statistical thermodynamics, and since I couldn't see any
use for it, I didn'tthink it was worth my while doing that. Perhaps I
suffered as a resul t , Other people who were prepared to put their pride ~
behind them and learn the stuff off by heart, as a result did better in the
exam. Erm - but they don't understand it any better than I did. At
least I find some sort of satisfaction from that point of view.
TR26
r: Are there any parts of chemi cal knowledge you don't like, that you
find very lacking in interest?
Z: Not that I don't like, erm - but, because I can't do them very well,
I avoid - erm and this is quite often the physical chemistry side -
the - erm, I have to go back and read my textbooks quite often at
first year level or physical chemistry because I don't use it everyday ~o
and I forget it very easily, and I feel that I never really understood
it from my own first year undergraduate level. I've never had to
teach it -I mean, you learn by teaching it, and for that reason I've
never really learned my physical chemistry.
TR27
undergraduate. Erm - I coped with it - you know - sort of enough to -
er - to get a reasonable degree, but, erm, - - - - a - a lot of it
was stuff which I, I really couldn't say I understood. I knew it well
enough to, as I say, to pass the examinations, but that's a very
different matter, and a lot of it of - er is material that I've - flo
developed an understanding of since, particularly in the - erm -
the borderline between physical and organic chemistry.
AS'7
2. CATEGORY B: Influence of text books
(Number of instances - 2)
TRI
A·The trouble is of course, if you look in some textbooks then you find the
statement that - erm - statements Which do tend to separate them in the mind
of the reader - statements such as 'thermodynamics' can ex - can suggest
whether a reaction is feasible or not - er - but only kinetics can er indicate
whether, if its feasible, it's likely to occur.' Sometimes I think that's a lfe
••••• once the ideas become fixed early on they thep have trouble overcoming
that block later on in the course.
3. CATEGORY C: Relationshi between focal
Number of instances -
3·1 Cl: Focal concepts seen as linked
TR2
':Well, I think the concept of . e~ • thermodynamics and • er •
90in~ then into equilibria and into. er • kinetics, in other words
the whole sort of lot of • er • whats normally grouped under ~~
physical chemistry •• I think t.~e?~oblem there with !!lostpeople
• -! .. ~.
15 that &¥ell in the first instanc'! they very rarely see the use
'J£ t t,; It is not "..am.acilcJ.tely"l.v~Ci~S WIly _t is absoluteJ..yv_tal.
that before you start on a piece of research that you must ensure
that the thermodynamics are right (laugh), that the free energy to
changes make the reaction permissable and that the equilibri~ wi11
give you a reasonable chance of producing the material you want,
Ve'· ~of :.
and finally, the ~s will tell you that you can produce it at
-Cl
such a;rate that its commerclably feasible.
I:Um • • thats very much from the viewpoint of • er • of an
industrial chem1.t __
AS·8
TR9
~~: Do you see any link between the two areas?
I: - - Em (pause) - - - - Mm! - well, yes, at a fundamental level,
I mean, the - same things are looked at - - The understanding of kinetics is
- seems to be fairly important to - an understanding of equilibrium.
~I-: In what way?
I: Em - well just through the understanding of how reactions take place - a..
erm - considering the effect of, again, things like heat on reactions -
you would need to understand most of the - - most of the kinetics work, I would
have thought, to - em - to make a decent fist of the - equilibrium
topics. Em - - connections - - - em.
TRlO
I: Well I-let me ask you another question wich might perhaps, WI, help you.
Do you see any link between the ideas of chemical equilibrium aDd of
reaction kinetics?
.71 -(Pause) - Yes, I would have thought, er, very closely related -
XI And how would that relationship exist in your mind?
~: _ (pause) - Well, er ••• surely, you know, the equilibrium reaction is
a, is a - ldlat it says, it's a ••• a ••• almost a static state of, of
of a, of a cheadcal reaction, it'. a point at which the reaction one
way, aDd a possible potential reaction the other way erm are balanced
S"JI'"
- are at equilibrium you know-
X: Yes.
~: So, er, the two are almost running parall eL, er, -
-
TRl3
I: Do you see any link between the areas of equilibrium and kinetics?
M: pause Y - Yes - I, equilibrium is just a stage that's reached 1n
a reaction - or may be reached - - so it's all part of the same -
concept.
I:To you the two things are quite closely linked together?
M: Yesl
I: Can you see any reason why one mIght treat them separatelyl
AS·9
TR13 (cont.)
M: (pause) I said - as I said, equilibrium is reached or - or maybe
not in a lot of cases - it's just one particular time period in the~
phase of a reaction, so so they are inextricably linked.
L! Yes. y - you don't see any separation yourself - they're all part
and parcel of the same area of chemistry?
M:Mm. Yes!
TR25
36 I: I: Are the ideas, that's kinetics and equilibrlum, are they taught as
inter-related ideas in this University?
1",-36 JD: Y: Er, I think so, yes, but - yes I think that is fair to say, but I've
been at other uruver'si t ies where they've been ,separated.
I: Mm - hm! Do you think that's senslble?
Y: Er - no, I wouldn't separate them. I don't thlnk they should be
separated. I was taught kinetics was in one box and thermodynamics was
in another box and - er - I - it took me a long time to realise ~
that they - er - the concepts are inter-related, although they are
separate areas, clearly they are separate areas. There is an overlap
region. er - we have a course which is called, I think - er -
Liquids, Gases and Solids, and Entropy and Energy - another course -
where - er - these ideas are all interrelated. And I don't lecture ~
on that course, but I take tutorials on it.
3·2 C2 Focal concepts seen as separated.
TR5 (a)
E.l Vell, at the end of the day the thermodynamicshasn't qot anythinq
to do with the Kinetics really - - - thermodynamically, thermodynamics 1~
only tells you erm what would - what the equilibrium situation if
is assuming you've got all these reactions to occur. Er - 1ts
dtvolved in a way from Kinetics.
AS'lO
TRS (b)
f.: (pause) I think there's a case for putting thermodynamics separately
because that rises above mechanism an - er - - helps ? there. And
- tun - its a system - the fact that its made of atoms doesn't matter
as far as thermodynamics goes - so thermodynamics rises above it all
in a sense. And its - not that its not just the province of the
chemist, of course -
TR7
3:: Do you see any bridging ideas between the idea of chemical equilibrium
and reaction kinetics?
G: No, I try to keep them quite separate.
:t: Er - why do you do that?
~: (sighs) •• (pause) •• Right at the ·end I would bring them together -
e1'lll- I think as topics I treat them completely different to
(one another?) - until they've got a good idea of what a rate equation
is, until they've got a good idea of what - the equilibrium law - and ~
perhaps - toward the end of their course I would, sort of, bring them
together.
TR20 after being asked whether kinetics and equilibrium
should be kept separate.
1r.. No - I think it's not very logical - I think the two are connected. (pause)
erm - I'd really have to think about it some more before I - committed
myself on that. This is - we're talking about one of my absolute
weaknesses - (laughter) - is physical chemistry - I think the two are
(pause) (w8~rmw---I~'Q~~R8~a~l"l~)~'~Rfta~1~'8~t~Q~t~R~i~A~I(~a~9~Q~w.t-rit~S~Q~.~8~.KQHP~8~,..~~ ...~.~ .....- ""* ~ ,_,,~
GQlllfliUeQmyself QA tAste TRi& is W8'~8 talkiAS about ORe of
connected •
My a~eelyte WeakAe&&e& ( law8Atep) is pAy&i6al 6Aellli&t~ - I I d have to tU,
- I'd have to really give it some more thought but is does - It does sound
AS·II
TR20 (cont.)
illogical, just of the tope of my head,
~: Why do you say that it sounds illogical, what 15 It that makes you 'twitch',
if I can put it like that?
1r: Because they are connected - the two ar~ related erm - so It seems silly
to, erm - disconnect them.
TRI4: showing ·oscillation'.
I.: o.K. Erm - now do you see any link between reaction kinetics and
chemical equilibrium?
f'l~(pause - - - -) Er - I do - , well thinking about them~ ...I've
always regarded them as completely separate entities - um - 0 _ J~~
obviously it's not like that. It - er - I mean, every - every
reaction assuming it to be in equilibrium and therefore every reaction
could be said to be proceeding at a - er - at a specific rate.
So I - - - I mean, with, with (?? run th ??) I suppose you're assuming
thatsoMethings starting and it's finishing rather than equilibrium ~
in which you have something that's, that's carrying on all the time.
r:You said just then 'obviously it's not' - so what has , sort of,
clicked in your mind to make you think the two might be linked?
N' Because, I suppose, - in real terms every reaction -i - if we - if we
said every reaction that is in equilibrium also every reaction must 3,~r
have a rate of - - of which it occurs. So - erm - that you obviously
can't be - can't be separated if you apply - er - both concepts to one
reaction so therefore you can't - choose one over the other, so therefore
they must - must be connected in some way. I've - er - just always
been used to er - to considering them completely separately.
I' Why was that?
N~I suppose it was - uh! - it's - from a theoretical level you you're
looking at anyone particular concept at anyone time.
!.! Mm hmm!
N: I d _ I don't recall considering both concepts at once.
AS·12
4. CATEGORY E: Perspective on equilibrium.
(Number of instances - 26)
4·1 El : Molecular model used
TR21
I: What is it an equilibrium between? or, of?
U: Well, I suppose that depends on, er, on the - whatever's in the system.
"'tCUI.
I Maa, for instance, if we're looking at, for example, the tavtomeric 2lo
equilibrium, where you have, urn, an enol and a keto- form, here you have,
urn, two molecular species which are different __ and __ in any, erm -
thermodynamic equilibrium you have a mixture which is dependent upon the -
I suppose the relative thermodynamic stabilities of the two. But the
fact that one can change to the other _ it can't therefore be at the ~lS'
same energy level can it?
~ Would you be able to distinguish er or between a thermodynamic equilibrium
which is a balance of energy states as opposed to what you might call a
molecular equilibrium, which will be a balance between two molecular
species and therefore imply that rates of changing from one to the other ~
and back again, are equal and opposite?
U: - - They're on different, I think - - well, I don't think I can
answer that question without probably sitting down and thinking about it.
t: When you first'"think about equilibrium, how do you think about it - do
you think about it in terms of changes in molecules in one direction, being~-
balanced by changes in molecules 1n an opposite direction, so that you
get back to your starting point - or do you see it as a cha - as a balance
between two clear, distinct thermodynamic energy levels?
U:No - I probably think about it in terms of the change from one molecule
to another.
AS·13TR2S
1:: Mm. You mentioned there equillbrium in terms of balanced rates _
Y: Right. .lJ~'
I: - is that a molecular or an energet ic explanat ron?
Y: Er. Yes, we could - er - th1nk about lt 1n terms of a molecular
explanation where you've got a concent rat ron of a particular spec i es
expressed - er - on a molecular basis and the rate of a forward
reaction be1ng the rate constant times the concentratlon, so It's ~~
really if you like a molecular explanatlon.
4·2 E2 Energy model used
TRI
A:The - ways of approaching equilibrium that I find - that I like through I'm not
sure the students al~s do - is to look at it in terms of competition between
different sets of energy levels - erm - but that's because one can then use
that as a basis for the introduction of statistical thermodynaDdcs- and, I ~IO
think that it's an area which could in fact be introduced DIlchearlier in
courses- or an approach that could be introduced DIlch earlier in courses,
than w tend to do.
TR4
I~how how could you describe to me what's the sort of main
area dealt with
): uh hm! mm!
I::now what would you tell me there?
1:>: I tell you that that was \lID
main ideas covered by equilibrium studies
that is a
thermodynamic
given you got
er measurement, that will tell you giv
(cough) number of components in a system and
and their are roots for relat for converting them into
AS·14
TR4 (cont.)
each other, that um the um equilibrium will be
when they have actually erm reached the concentrations
as, as th erm, (det 7) erm governed by the
thermodynamics
J:: Is that an equilibrium then in terms of energy, or in
terms of concentration?
}:Ahm! (long pause) it (pause) it must be an
equilibrium in terms of enerqy, that the system as a whole .J..,o
has come to its er lowest energy, and the energy that
it's come to will
of the components
? define the actual concentrations
TR22
1:.:Good. Can I move fr'om the kinetics area now towards the area of
chemical equilibria and ask if you could sketch out what you see to be l~
the main concepts that are involved in an area like that?
'(: Em - well, you're looking at the - the -Free Energy of the er - the
total free energy of the starting system compared to the total free energy
of the finishing system - and you're really balancing the two together.
r~So it's a balance if rree ene rg res that you I re thinking of, is it? 3,0;-
Y:Yes. I mean, when I actually think of it in my mind I see a line
connected with a bump, or var-ious bumps and another' line at the bottom
(overtalking) •
I: - - a reaction profile.
Y! Yes, reac t Ion pror i le , and looking at the various ene rgies .
AS·IS
4·3 E3 Dynamic/static equilibrium discussed.
TRIS
I: Mm-hm! - Yea, that's right - fair dues - erm - how would you
yourself describe the concept of equilibrium as it's used in chemistry?
~: (pause) When you say something has reached its equilibrium - erm - you're
assuming that - no further reactions are actually occurring, and that
you have got 40% of your products and still 60% of your starting materials J&e
- erm - 'nd - it - it will stay at that, that, those proportions unless
you do something further to it to upset the equilibrium.
r:The reaction really stops then does it?
O! Er - no it doesn't. I think things are still reacting but they're just
going back and forth so that the overall proportions of each remain
constant, but the reaction still - er -
~ What do you mean by 'going back and forth'?
O:The - e starting products react together to form - sorry, the starting
materials react together to form products, the products then react and go
t~back to the starting materials
TR16
I:I got myself a little lost there, I'll come back again to that. Erro,
can I ask if - you a similar thing now in the area of chemical equilibrium?
P: Mm - - (pause) I think that ~ idea of chemical equilibrium is when
- - - a reaction going one way is equal - is - i is equal to the reaction
gOing the opposite way and that - er - you are into a stable situation ~~
in some way, where, a lot of funny things are happening, generally there's
a flow that way and a flow this way and - - they are equal, and therefore
A5·16
TRI6 (cont.)
- there is - we come to a situation of no change - - Now, you know,
that's not going mathematically into - you know - - expressions for -
for Kp or partial (inaudible) or anything like that. But the idea
that equilibrium is not a situation where nothing is happening, it is
where what is happening is balanced - - where something's happening.
I: Now, y-you used the statement 'the situation of no change'. Would that
strictly speaking be true?
f: No - sorry - the situation where changes cancel out if you like -
~so it's apparently no change
p:Apparently no change - superficially in any case!
5. CATEGORY El Effect of interview.
(Number of instances - 3).
TRI
A:I think it's a good ••••• no I - I - I think it's a good idea actually. I l~-
mean because something that - this, I think this about - this is one of the I
won't say it's the first time, but there haven't been ID8llY times when I've
actually had a conversation with anybody where we've looked at these sorts of
things.
TR4
1:: have stuck there! (laugh) Any comments you want to make
on what we've talked about, anything further, any questions
you'd like to ask me?
AS·17
TR4 (cont.)
a w a comment I would make is that
er is is um related to the fact that I mean
cos you the / the questioning that um you dug up some
old stuff which I, I mean I feel that I I'm still not
thinking properly about, that um
~!Yep. I take your point
~I I I found
I: (talking over) I'm sorry to put you on the spot as it were
b: No, I I found, I have actually found it quite educational
over the last half an hour but I mean, I think things
have to be brought up
6. Cfl~~YF Im ortance of the focal conce ts.
{Number of instances - 23 •
TR9
~~ Ye-es. Urn - O.K. Now, urn, just two very short questions and then I'll
leave you. How important do you think these two areas of chemistry are
in the teaching of chemistry - would you rate them as a sort of 'key' area,
or - fringe areas, or what?
I: Erm - - well I wou - I would have thought that they're I would've thought
they're very, I'd've thought tbey are more important than many areas,
because they do underline so much, erm - other csrhmistry, erro, including
obviously the biological systems and - mm - applied aspects of chemistry
- erm - and I'd've thought it would've been pretty - of interest to ~
industrial - erm - ? - - - as economics is so involved in 1n these two
areas
AS·IS
TRIO
I: O.K., fine, uhm. Would you say that it vas fairly obvious that
the areas of chemistry live been talking about are important in "0
industrial chemistry?
JI Tb - they're obviously ~ important in industrial chemistry -
erm - possibly ~ in a production comp~ -
I:MmJ
J! Where you - where people are haviD& to change the operating conditions .,\"
of that plant maybe to make a different range of products or something
like that.
:L:MmJ
J: And I would S&.y' that is ~ important. Erm. It's not quite so
important, for the reason I've already explained, er i-in the
contracting business, and - ~ are probably very similar to -
mm - in many other contractors in that they all license processes.
Nolt'one other - only add one other difference, and ID8JIY of, some
of the big American Companies, some of the British ones for that
matter, who design oil refineries, do their in-house design. We "..\""
u - lt'eused to have an office which did oil refinery design and
there there no such th, there aren't many license processes, you
literally do design an oil refinery just, really, distillation
processes in most cases, from the textbooks - you knOlt'from published,
er, papers and - and really from the textbooks. But oil refineries ,,~
are not reactors - they're separation processes -
1:0h yesl
~- 80, er - th, that is rather different. But I think you'll find
that there're very felt'contractors who - who do design reaction
_ reactors, and go into the detailed calculation of reaction "~
kinetics -
I: Yes.
AS·I9
TRIO (cont.)
~ - that comes from operating companies. Therefore an operating
companysuch as an leI or anyone else who is running plants,
there the engineers coDdngout of university I think w - will ~
need a - or will apply, anyvay, - far greater - to a far greater
extent, the er - their knowledge of reaction kinetics, equilibrium,
etc.
I: Mm. So, by implication then it's a fairly important point of any
degree course in chemistry and chemical engineering? ~4<'
J"~I th - I would think it was a vital part, yes - I can't - I can't
imagine a course without it. (laughter)
TR16
r:Right? O.K. I won't hold you much longer - more or less a couple of
things I wen't to do. Erm - just one more general point: the area that
we've been talking about, how important do you see that in terms of people
who are practising in - in industry - chemists practising - whether
they're chemical engineers or not?
I r:Oh! of enormous interest - I'm sorry, of enormous importance.
In'
Erm - I -
I'd put it in the - - - er - - work, technical work that I've seen pass my
nose during my working life here - erm, the concept of equilibrium is
very important - very important indeed. And that, that - erm - you know,
it covers everything that you see, certainly as an engineer, you know, ~o
as to what is happening in matallurgy, erm - to what is happening in gases
and liquids and so on, but as it covers - as I say goes through metallurgy
and everything - and the concept of - of equilibrium and er and er -
and er - steady state (inaudible).
AS'20
TR16 (cont.)
I: (Inaudible) Erm - would you therefore say that it was - equally
important in terms of - the structure of chemical knowledge - if somebody
was learning chemistry - needing to know these - erm - not just from the
- from an industrial practice point of view, but from the point of view
of having an understanding of chemistry?
P: - - - (pause) - - - - - I don't qui te know how to answer the question, for in>
there are several - at what level of education it would be - -
I: I'm thinking very largely of undergraduate -
r: Oh, I don't think that an undergraduate would be much use without having
some concept of the - er - of - - - equilibrium, and if that was based
on - erm - a concept of kinetics, that would be a very good basis for l~J'
the concept of equilibrium. I can only - I can't imagine a chemistry
graduate not knowing something about chemical equilibrium! - - - (inaudible).
7 • CATEGORY H Personal response to Higher Education
(Number of instances - 24)
TR6
£:r was disappointed with University actually~
.I: were you?
f: mm! They just - they just lectured to you - - I, r thought it would
be a place where you could discuss things with your lecturers and
talk about (enerqy?) things as we used to do - we were encouraged to
- we had a good chemistry teacher at school. Very small group, anyway,
and - er- he was very keen on us asking questions and discussing things" 1.D
(tape side ends : continued side 2)
(tape count continuous)
:t.' for that to qet throuqh
£,' mm!
AS·21
TR6 (cont.)
I: I should think that throuqh now! yes - -
£: yes, I mean - - even if you did have a point to discuss they'd
qet qui te shirty with you, as if you were tryinq to do this
down; or shut them up in some way. Mm. I t was very bad. I was a
bit disappointed in it. I don't think it helped me as a person to
develop to qo out to work in any way
TR12
I: Mm! Well, that's one of the areas you found difficult in the degree -
which bits of it did you like - particularly interest you?
L: Well, •.• I, I I enjoyed all of it, you know, I .• I can say quite
truthfully that the, the four years at the University were probably the
best four years of my life so far - er - but discounting birth of ~~
children, and things like that, but that's er on an entirly different plane.
Enm -- the, certainly, the, the the mathematics - urnbasically because it -
erm -for me it was easy erm -consequently, the, the s-, the allied subjects
that erm relied heavily on mathematical manipulation, like heat transfer
and radiation, and that,that kind of thing, came - came easily.
But I also enjoyed the- er - the organic ch~istry - Erm --- essentially I,
I enjoyed everything. Even, even (laughs), the thermodynamics.
TR16
I: O.K. Um - can you remember, to any extent the structure of the chemistry
in that part?
P: It's - a long time ago. Erm, basically, it was half inorganic and half
organic and damn - all physical - - -
1: Mm - hm!
~:_ a large part of both inorganic and organic was method of memory.
The majority of simple organic chemistry was "Learn it fellah;
ther~ ain't much logic!" The physical chemistry was totally childish,
because
AS·22
TRI6 (cont.)
I thought, and very badly presented, and it was only later in the
chemical engineering course that physical chemistry started having some 'J\~
sort of real meaning, to me - at any rate. - -
Fancy going to degree-level and having no real understanding of chemical
potential, or Gibb's Free Energy - strikes me as being, you know, totally
inadequate, upon reflection. But that's what happened!
X: You said that the, um, physical chemistry as presented in the Part I tqO
was somewhat inadequate - on what basis do you make that judgement?
r:Mainly because - from that time onwards, I've seen that physical chemistry -
- I had no idea at that time what it was all about, - that it was associated
with energy - levels - that a lot of, lot of, lot of reaction -I had
no idea that equilibria was associated with energy.
~.
There was no sort of •
- there was no philosophical idea behind the physical chemistry, and
I'm s - f - feel sure that some sort of philosophy - er - you know - what
really are the laws of nature - could've formed a basis for that physical
chemistry. I didn't do it at all well, it was just, you know, isolated
little things like, you know, this is electro chemistry, what happens if ,~
you pass a current - erm - and that sort of thing.
8. CATEGORY I
TRI
DAnd er - ¥.hat was the work you were doing there?
~:I was a preparative organic chemist - probably OIl! of the things that put me
off organic chemistry (laugh in backgr-ound] Er - m - I got quite frustrated
tIA
there. The Chief Cheyti.st regarded me as a - er - as !1 threat - though it
didn't take me long to find out that I wouldn't have touched his job with a 8~-
barge-pole. Er - m ••••• we didn't hit it off, I mean things were so bad that
A5·23
TRI (cont.)
in the end I Yent and worked in a di8U8ed laboratory s:iJllply to ,et avay fro.
him and erm also I still had a residual interest in chemistry - er - which in
••••• an industrial cODipallfjust can It afford to allow its employees to indul.&e.
TRl7
X: You're quite happy with that? Nothing else you want to add to what
we've said?
~'Erm - I think - erm - working in the industry for so long is certainly -
erm - - - what am I trying to say? When I was at school, I did develop
a really big interest in chemistry - er - you know, with every aspect of ~-o
chemistry, every facet (inaudible), but - er - at - when you start
working, when you start working in a particular form you tend to -you
know, it's no longer that enjoyable any more - erm - which is a real
shame, 'cos I found it really fascinating at school.
9. CATEGORY K Perstective on kinetics
(Num er of instances - 27)
9·1 K1: Energy equations discussed; mathematical model used.
TR2l
~ Erm, does that mean that you see the main driving characteristic of
kinetics as - an energetic feature?
U: w - er - I think, yes - I, I - - - - I suppose one would!
I:Ah! But do you ?!
U!D- do I? (laughing) In the sense that I haven't really thought about it,
Ito
for a long while (laughter). I suppose yes. If if your taking - you - you
have compound A sitting here and compound B sitting here, if you erm mix
the two together and a reaction occurs, then - erm - what, what you're
doing is converting a system from a hlgher to a lower energy, presumably. ,~
Because the tendency ls for systems to erm to- to 'roll downhill' - ln terms
of energy - and ln, ln, in energetic levels. I suppose Or, or - if
neg - our energies dec - decrea _ decreasing our entropy ls increasing.
Perhaps it should be fair to think of it 1n entrapic terms!
AS'24
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I: Mmhm! Huw would you define those things? 2Jj\'
y: Well thermodynamics tells you what is possible, and kinetics tells you - erm
how quickly it would happen or slowly - er, and se ~:netics gees into
reaction mechanisms erm - - - into - - so - how far does one want to go,
then?
l!Well you take it as far as you -
V! Right -
11- want to sketch it
v! Right, - Well, I mean, you've got the, er, I suppose you can say you've
got the speed of reaction, and you redate that to, what is it - AC _
EA/RT or In, isn't 1t, - so A is the geometry factor, made up of two Ic)~~
parts what ever they, the er - the erm - the chances of a molecule meeting
- molecules meeting, and the er orientation, I think those are the two
parts, Er, and then, of course, the activation energy, and, er, - er -
Boltzman constant and the temperature, so that that will tell you - er
so, obviously you can play around with the activation energy, by using lto
catalysts and so on, and alter the speed of reaction. Enn - you can
then, you could go into - there are various types of, er, or reactions -
first order, second order, immolecular and bi-molecular - erm - ways of
studying kinetics, erm, looking at volume changes - er - or for a very
fast reaction - s - some sort of, er - relaxation method - stimulate tr.e- In"
the reaction and then warch what happens - er - I suppose that would be
about as far as my knowledge would run. (Laughter).
9·2 K2: Rate/order/mechanism molecular model used.
TR13
I! a 18~ er H rep a lOA8 tille! Erm - could you sketch out for me erm
what you consider to be the main ideas in what we loosely call reaction IVD
kinetics?
M:Hm. Well it's A + B reacting to give C.
I: That's how ou see it is it?
A5'25
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M:That's right - Well, that's the ideal situation. I should think but
er - especially in carbohydrates, I suppose, the situation is a good IO~'
deal more complex.
r: So, it's just a question of whether they react or not is it?
~':Well, you must - - consider all sorts of things like activation energies
and intermediates (inaudible).
l:Mm. And what are they?
M:Well you get er - sort of impression of A + 8 coming together to - to
interact in a - not a permanent sort of way - but orbital overlap and
whatever - it might form some sort of a transition step which requires
a certain amount of ent - energy - - and - if there's sufficient
energy there abundantly the reaction goes through to products- II)'
1:~Mm hm! You mentioned orbital overlap.
~:or whatever. S -
I:Yep, um - why did you bring that in?
M:Well, it's entirely electronic interaction.
I: SO you're seeing this on an atomic level? Il.o
~:Yes! Yes, of course, - - - interaction of -
1:So you, you would say that
M: - two discrete molecules, coming together, overcoming whatever
repulsive forces, and then subsequently marriage of orbitals and electronic
systems. I~'
I: W - Would you accept that you're looking at it from a very mechanistic
point of view?
M:- - Yesl I would, yes.
TR19
I: SO that's your general view of it, now what would you say are the main
concept. involved in it? CIC.IOoCC.,-,c..I)
~! Main concept.! Erm. - it seems to me it'. a fundamental way of understandins
what'. going on in a chemical reaction by - by, er, trying to follow
AS·26
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every species, determine what, what - its a way of determining what IW'
intermediates and transition states are involved, er and therefore, really
a way of looking at the interaction between molecules - er - -
L: SO you see it very definitely as a - a molecular study?
~:Yes!
~:So, in that molecular study what factors or parameters would you be I~
looking at?
S:Well, bond breaking, bond waking I suppose are the two - erm - - - -
I: Right:
~!- er, and timing as well, as far as the time goes. Yes, the relative
timing of the two aspects of bond-making and bond-breaking, But also, it's ,~-
the interactions of - er - atoms, in their - spatial orientation, as it
were (inaudible) source kinetic study.
9.3. K3:Reversible reactions discussed.
TR25
1:: ~Re seerte. Erm, I wonder if you could outline for me what you see 11D
to be the main Ideas In chemical kinetics?
y:Er _ well, I think the - the flrst aspect of it 15 that - er - I would
start off actually by not talking about kinetics specifically, but
mentloning that - er - if you have a reaction which - er - goes to
equilibrlum, then the position of that equilibrlum 15 controlled by I~~'
thermodynamic arguments. Erm - there may be two possible end products,
of which one product 15 more stable than the other, and if you wait
an infinite amount of time then - er - you will get the most stable
product. However, the rate at which those - er - products are
obtained is determlned by kinetic arguments, so - er - klnetics and 'lo
AS·27
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thermodynamics really are two sides of the same cOIn, so I would say that _
er - the K - er - kinetIcs tells you the rate at which equilibrium is
obtaIned and - er - thermodynamIcs tells you about the position of
that equilibrium. So, I think that's possibly the main thing I would
say first. Erm - - - the second thing is hard to pick on because there 'l~'
are a whole host of thIngs WhICh come to mind. Erm - it depends on
who I was talking to really for - which element I would emphasise.
10 CATEGORY L: Influences in learning
(Number of instances - 13)
10·1 Ll:Symbols
TR17
~!What you - you see, I'm - er - how, how I view it now is er when you ~~r
give me these, sort of, buzz \.ords. I can think of - it immediately means
something to me 'cos I - we - we're using these concepts everyday,
but its - its a slightly different way from the sort of engineering paint
of view - how to approach a problem. Whereas, when I start talking -
~when - you were mentioning - when you think of - when you say 'equilibrium',
right?, I think 'Ah! Liquid vapour equilibrium' - mate! But now
you've mentioned in terms of a reaction I think'Oh, well the equilibrium
constant between, if we have species A plus B going to species C plus 0,
and th - then an equilibrium is set up between the - er - - - tendency
for A plus B to go to C plus 0, and then an equilibrium will be set up !S>
and the concentration of A is er sufficient - er - when the
concentration of A and B -
AS·28
10·2 L2:Diagrarns
TR6
I~ok uhm: If I were to ask you - er - what the phrase reaction
kinetics meant to you, what sort of response would you give me?
F: I think that would take me back to - 6th form at school where there's
a picture of A and B with a little line above, an then, and the old
arrow there from one to the other with the energy barrier in between - Il~'"
TR22
~! So it's a balance if free energies that you're thinking of, is it? l1~'
V:Yes. I mean, when I actually think of it in my mind I see a line
connected with a bump, or various bumps and another line at the bottom
(overtalking) .
J: - - a reaction profile.
V:Yes, reaction profile, and looking at the various energies.
10·3 L3:Equations
TR6
I:wh-no-why did reaction Kinetics come into your enzyme chemistry? In"
M~~. _ ,....-.1',,",F: well, the Mi..aQUa Maylwl. Equation, I think was the standard
- your looking at the A going to B and the catalyst (?)
I: yes. So you see that in terms of an equation then?
F: yes very much so. Mm: Mm:
1: a mathematical equation?
P DIll!
:t.: you don't see it in terms of 'real chemistry' - molecules loeking
together an - er - that sort of thing?
F, not - not - my initial reaction no - lID:
AS·29
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N!Er - yes I keep seeing it in terms of equations which I think is
possibly not the right way of looking at it - er - an equation with I~-
square brackets and rate constfalnts,and things like that in, which - er -
I think is possibly rather an artificial way of looking at it. The
concept of reaction kinetics I suppose is - er - erm I suppose really
it's just the way in which the - - the various factors, the various -
materials in one's reaction affects the rate of reaction. ~
11. CATEGORY M: Mathematics related factors
(Number of instances - 20)
11.1 Ml~Barriers to learning focal concepts.
TRI
~~(long pause) Baving dev - having sort of developed the idea of the rate, then
I would ~t to develop some quantitative expression which related rate to '40
factors such as concentration and temperature - er which means that I'd want
to get across fairly early on an equation like the A.......t..e.-~ Equation, er,
but before one could do that one's therefore got to introduce the rate constant,
er - and to get over the main hurdle which is the - presentation of a
differential equation, whilst instilling the mini.DIuD amount of fear in the part "H~
of the recipients.
1.: Uh-hum ••••• so you're up against a mathematical bBlTier?
~: Yepl I find II. always up against a mathematical barrier - err - in as JIIlch
as goulve only got to put 'd' something by dt on the board, and people's eyes
start to go up towards the ceilingl ISO
AS·30
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ll.' I know we we did a lot of er differential equations ~'
and er (pause)
!: Is that why it was dis3strous?
l:>: I think it prob I I we I
could it was a fairly short course and I know we
we were expected to do an awful lot of diff sort of
differential equations. It wasn't the coocepts didn't
really seem to get over very clearly, it was a lot more
emphasis on the erm you know the techniques for
solving differential equations, or w - without I
don't (know), I think the basic idea of wha what it was all /f~S'"
about seem to get lost in in in the sort of rush to get
on to the 'doing' part of it. which um - as I, I
mean, I think I do have a bit of a mental block ever since then.
11·2 M2:Positive personal attitudes
TRI
A··- --did tend to be the organic areas. Ikltafter having taught organic here for
about say 2 or 3 years, I went right off it. And I used to enjoy the thermo-
dynamics, I err, I suppose in a way it's all of those areas which have got 1f,S-
mathematical associations that I still find both enjoyable and interesting.
TR22
V\Er - I think, I suppose it's rather - it's, er, - erm - er - so it's such
,~'a novel - er - erm - full of, novel con - concepts outside everyday life, er-
- and yet it's, er - produces solutions and er - er - it s got the
attractions of mathematics and that - that you get - it s er, you get to - to
you get results from it.
x: Mm hm! You say the attractions of mathematics - wny do you say the
AS·31
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attractions of mathematics?
V: Well, the attra - I - I - I put - that s one attr3ction I can think of,
the fact that you get a solution to a problem.
11·3 M3 Negative personal attitudes
TR20
r: we were expected to regurgitate, for example in?(ancientV.purposes, ..
complex mathematical do erm and most of the people didn't
have the mathematical background to really understand it, so - you had
to memorise bits of it; and I could see the point of regurgitating
a proof where half-way through it you had to memorise what a certain
differential - or integration gave you - er - I Just didn't ever see's'
the point. And yet, the powers that he seemed to think it was important
TR26
:r~WhY do you find that difficult - be lt -
~l(interrupting) The mathematical side, I think it was, I - I just
couldn't handle numbers - er - - this is why I'm an organic chemist,
I guess, I go the the qualitiative slde of chemistry rather than the
quantitative side of chemistry. Erm - so there's nothing I dislike
- it's just that there're areas that I avoid. J10
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12. CATEGORY N: Nature of chemical reaction
(Number of instances - 1)
TR4
b:I think probably the problem lies earlier than that, in this
idea that erm A an B react to give C and that's an end of
it I think er I, I mean perhaps right I mean
i - i-in principle the concept of things being in equilibrium ~~,
and that A can go to B and B can go to A is not there' s
nothing difficult about that. It's only difficult if one's
been lead to believe that A and 8 react to give C and
then later on you're trying to say erm 'ah! but wait a
minute. In fact C can sometimes go back to A and B!
And they then you've got a block 'cos you're con
you're thinking's conditioned to thinking that A and B will
react to give C
13. CATEGORY p) Personal philosophy of science
(Number of instances - 2)
TRS(a)
~~I would say that - mechanisms is something that is in our
imagination -
e:: and that th - the fact is the thing changing colour on the bench
or product A disappears and product B appears. Erm - I think you }sO
must never lose sight of that experiment on the bench. Our
mechanism may be just a load of nonsense - just a way of thinking
about it. What doesn't change is that chemical reaction on the
bench. That' s going to be the same for every - our theory about
30~"mechanisms maybe rather different in twenty years time - fifty ~
years time. -.. - --
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E\yes. But I - - the, the, the, point that has to be got across is
that - - - I - I'm convinced of this experiment - that's the
important thing 'cos thats the thing that doesn't change. The
interpretation will change depending on our own stand, and the
thing that you've gotta get across is the role of the working l~o
hypothesis if you like, that at the moment this is how we can see
this reaction and our present understanding leads us to believe
that this happens, and we'll go away and use that as a working
hypothesis unit! it fails
14. CATEGORY R: Relevance of courses
(Number of instances - 24)
TR3
C·agal·n l·tsmathematical again.t , I seem to have a feeling that
when I was at secondary school it was - very mathematical again. 1.S'
It. a sorry thing even though it was the same teacher who was
teaching everything, its an area again were people tend to switch
off with and don't find interesting again, because its not put
in, in any sort of context and make it really interesting. t
mean a stream of figures really and er laws to learn - the lr~
Gas laws and all this sort of thing. I think you'd take
them in much better if you had something to relate them to,
rather than just a - just a string of fact •.
AS'34
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K: Yesl Well, sort of, the v - the view of the industrialist may not be
the same as the view of the student
I: Certainly true, certainly truel
k: - and the value to the industrialist, and the value to the student - quite
different - yes.
I,' Whichyouid you think was most important in terms of the training of
people for indus~?
J<:: Well - there's a - Yh- Yh- if you're trying to train for industry it's 2.10
the value to the student, and er if in fact the value to the industrialist
is is not er so prfound he - er - he's got to be persuaded in that er he
o in that er if it is of value he's going to get a better man to york for
him - eJ'lllll- whenthat student graduates.
TRl9
oltr;~<.S: I don't know how - how much you know about ( -+-) chemis try, but, but -
because it is - i-it's a theory that's related to the practice. It's
telling you what should be able to be done and what shouldn't, and therefore liD
it - it's a very theoretical subject, but it has tremendous practical
significance.
(,
Er - and I'm afraid, u - unless I can see the pract~l
significance I find it difficult to appreciate why it should be there
really! (laughs) .
TR27
~You say you found the physical chemistry difflcult. Have you any
idea, sort of, what the root of the difficultles were?
~:Yes, I think so, looking back on it. I mean, I didn't know what
it was at the time. I think it was because It was not made clear at
any stage why you were doing a particular set of equation derivation or
Whatever lt mlght be, what was - you know - vhat was the purpose of it.
You started off wlth erm veIl, I mean, thermodynamlcs you er which we
As'3s
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dId - er - of course in those days from the Carnot cycle, you started
off with thIS, er, strange perception of - er - ideal gases doing ~,\~
peculiar things erm under rather artificial conditIons which didn't
seem to bear any sign1f1cant relationshIp to any chemIstry that I could
see, and - and you der1ved a series of equat10ns - and - - at no point
that I can remembe r, was It made apparent that tm s had any er sort of
real value In terms of - of itS relevance to what one m1ght actually have 300
been dOIng on the - on the bench with chem1cals 1n In flasks and
test tubes.
15. CATEGORY RC: 'Realism' in chemistry
(Number of instances - 10)
TR21
I~Yes. Thank you. Um - are there any parts of chemistry you find
either difficult, or that you dislike?
U;Gosh! That's, er, that's a difficult one. I suppose I - er, one
tends to - - - I tend to, to, to leave out, these days, enm - good
gracious! I don't know. I suppose I, I - so many things that I
haven't thought about for a while (laughter). Em - I suppose
theoretical chemistry - trying to, erm, define and redefine one's pictures fLo
of what matter is, unless we say O.K. fine - we just look at matter
using pictures, and what people are dOing is trying to get better and
better pictures. But it seems to me, we're reducing everything to
mathematical concepts I like to, sort of, imagine things and, erm,
in concrete terms and say yes, we - I got this solid silting in this I~\'
bottle, and if I take this solid and react it in solution with another
solid, I can get another solid out of it. These are concrete terms, and
I - I can follow this, but trying to - to put it through in theoretical
terms - and to represent everything by mathematics computations I would
find - er - probably it illustrates my own early - I wouldn't say problems (lo
with maths, but _ er - and yet my, my family are reasonably mathematica~.
AS·36
TR27
A~:But that was - you know I mean - lt was a very extreme version of that
WhlCh was my own ex pe r i ence- that t hermodynam i cs was equations It
wasn't chemistry - erm - and I thlnk that was, you know, that was
really why I - I just dldn't see the pOInt In It and therefore I 3~
couldn't work up any enthusIasm to - to actually learn it (laughs).
16. CATEGORY T: Teaching approaches
(Number of instances - 28)
TR14
N:everything really at University everything seems to be geared to
swotting up - I have memories of just learning things written on
pieces of paper and - er - trying to cram in as much as possible, and
these equations were some of them, and - er - it's just that when ~
I~~ wlJ/t4 t'lte.s~~ W'"n+- SOHl!r"'AI~
you had a particular - - reaction tOt 7 59~ er I, on paper
) temptation which is apply these things you
have learned to them without actually thinking about what - what _
is actually meant in ter - in real terms, in terms of the actual
reaction itself, and which is I - I suppose a faul t of the - maybe J.lS'
the exam system. It's all geared to cramming in as much as possible.
TR2S
Y:Well I was - I was actually In industry as a physical chemist, and -
er - you need to use a combination of kinetics and thermodynamics all
the time - I mean, it's, it's - er - you know, If you just rely
for example on one area, ~ike kInetics, er - then you find that -
er you can get very misleading conclusions, I mean equally if you ~'\'
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rely on thermodynamlcs you can, you can get the wrong result, I mean
if - you can have something WhICh is kinetically determined, a reactIon
WhIch lS kinetlcally determIned and yet the thermodynamics would predIct
another product, and you have to consider both. In fact we would
usually do - kinetic experIments to measure the rate of formatlon of J~
say two or three products and say well after two days you would have this
product predominating even though is not the thermodynamically most
stable and you might have to walt six months for that to inter-
convert, to the most stable specIes. So, all the tIme there was an
interplay, in practIce, between the two.
j(:Would that have impllcations for undergraduate teaching do you think?
y~1 thlnk so, I think it means that you've got to teach them - I don't
think the way we do it now lS perfect but I thInk it's better than
the traditional way I was exposed to where things were put in boxes,
you know, and they say 'this is kinetics', 'that's thermodynamics' 310
er _ an it - there didn't appear to be any obvious connection. I
mean, ,I,think we should change the titles away from kinetics and
thermodynamics to something which is more general - I - I, I don't
claim that we've got it right, but I think a title like 'Energy and
Entropy' IS sufficinetly general that it doesn't mean that we're lJS'
just going to talk about kinetics or thermodynamics in - in that
course.
TR23
r~tA8P8 \:he"ye~!~e eem~a~iA! ~Aem ee~wee" ye~. Erm - how would you say,
in general terms, you thought the courses were run - in terms of helping
you to understand chemistry, being enthusiastic about chemistry and
so on? Let's start with you, Brian, first.
AS·38
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~1:Well - erm - - I thought the courses were run very well and co-ordinated lo~'
very well. As far as interest goes it obviously depended upon the
lectures, the stimulus coming from, you know, the personality of the
lecturer, as it were, and some were obviously much more interested than
others, because - erm - I think unfortunately a lot of them - a lot of
them were - erm - biassed towards thelr research and erm - you know, 110
they could have been much more helpful.
I:In what way do you think they might have been more helpful?
WI~Well - erm (coughs) - I mean, they - well I don't know, it might have
been the student as well - they said they were available for help but
- erm - - - - just feel that they - you know, they could've contributed ".,-
more, sort of, during the lecture time - it was, it was (inaudible)
come again.
L:More of what, and what sort of help are you - you hinting at?
~~ell it was very - the lectures were, you know, extremely didactic -
so erm - .:Le>
~:Please be as open as you like, because this is totally confidential.
W1!I agree with everything Brian's just said, I mean, he's just - everything
you said, I would have said - er also, I didn't, perhaps it's
obviously the lecture Situation, I hated the way they just came in,
garbled on for 40 minutes and wrote allover the board, and went out ILf
again, and that was it - -
WI:No - no time for feedback, during it (inaudible - coughing) very much a
presentation.
I:No interaction?
W.2~Nothing nothing at all.
LvtNo.
WJ:You see at our College, we were expected to go up to the lecturers after
lectures and things and if we had any problems to ask them then, -
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like go up during lunch-time or go up Wednesday afternoon -
""':Wellour's said they were available for help, yes, I mean.
~:You try finding them though!
Wl:What 1 found is that your own - your own personal tutor was probably
the - the person to go to in the end anyway.
i412'.Yes1 must admit my personal tutor was very good.
I:Did that system work, Chris?
140
~~All the bright sparks generally did go up and, enm, if they had any
queries ask - but it was really, it was your own tutor who helped you most.
17. CATEGORY U: Choice of undergraduate course
(Number of instances - 4)
TR3
I:what made you go there?
C!well - did the applied chemistry course which was very industry
related, and - er - I heard from other people it was the best
place to do it.
!'.uh-hm
C~Loughborough I think was an alternative er and er Cardiff
(?) was the other one. Strathclyde - I didn't fancy going up
to Strathclyde so that limited the choice down a little.
AS' ~ 0
TR6
F: and I studied biochemistry with chemistry, they do a funny erm
unit system there, where your degree is made up of all bits and
pieces and y - you sort of choose your, shape your course as you want ~
to,
I: yes
F: it's very wide - if you want it to be, - on very narrow
L! how did you ~ your course?
f:I made mine as wide as possible, simply because I had an eye for ~S
getting a job at the end of it (lauqhter). Left to my own devices
I'd have chosen biology, I think, because it did interest me
most. I must admit, that I - I thought there were fewer jobs in
Bioloqy so I - with an eye to the future, I chose chemistry
* * *
APPENDIX 6
A6'1
RESEARCH QUESTIONNAIRE
Personal perceptions of chemical
kinetics and equilibrium, and
their relevance to chemical practice.
Please read Pages 1 and 2 carefully
before answering the questions
All responses given will be treated
in total confidence and not attributable
1n any subsequent reportin~
D W HORSCROFT
MARCH 1986
A6·2
Introduction
This questionnaire forms part of a research project which is inqulring
into chemistry practitioners' perceptions of two conceptual areas ln
chemlstry - klnetics and equllibrium.
The lntention is not to analyse these concepts, nor is it to assess
your knowledge of them. The purpose is to attempt a descrlption of
how these areas relate to your experience as a chemist. The
questlons will thus deal with a range of aspects, lncluding certain
characteristlcs of the concepts, your experience of them ln
educatlon and work, and one or two other closely related factors.
You are asked to select and ring a number on a five pOint scale which
best represents the position of your view between two poles. The
numbers imply no numerical weighting. e.g.
'Bl : Did you find your 1st degree course ln total:-
*@ 3 4 5 not at all enjoyableVery enjoyable
*"pretty good on the whole!'"
Other questions are left open to give you an opportunity for a more
personal response.
Before working through the questions please read the definitions on
the next page. These are provided to state clearly what I mean by
certain terms which are used in the questions. You do not have to agree
with my 'meanings' nor are they intended to be definitive statements
of scientific fact! I would also appreciate some indication of some
of your meanings, as indicated.
Thank you in advance for your time, help, and kind consideration of
this questionnaire.
Don Horscroft
March 1986
A6·3
Some personal deflnltions:
1. Physical chemistry: this equates broadly with chemical kinetics,
chemical equilibrium and chemlcal thermodynamics.
2. Mathematical modelling: the use of mathematical logic and
analysis to describe a chemical phenomenon in terms of
mathematlcal variables and equations.
3. Molecular modelling: the use of molecular and/or structural
images together with concrete interpretations of electron
configuratlons, to describe chemical phenomena.
If you disagree with 1. above please state briefly your definitions
(descriptions) below, of the following:-
Xl 1. Chemical kinetics:
X2 2. Chemical equilibrium:
X3 3. Chemical thermodynamics:
SECTION A: A6·4Biographical lnformatlon
Al Name: M/F (delete as appropriate)
A2 Employment: Job Title:
Organisation
A3 Age Range 18 - 25
26 - 35
36 - 45
I II46 - 55 I I
56 - 65 I I
Please tick as appropriate
A4 Academic qualifications:
Award Subject Educational Institution Year
I I
I
_j
A5 Other qualifications:
81
82
B3
B4
B5
B6
B7
B8
B9
Bl0
B 11
B12
B13
B14
B15
A6·S
SECTION B: Conceptual areas of chemical kInetICS, equilIbrium
and thermodynamics
(a) Chemists frequently use mathematIcal and/or
molecular modelling in attemptIng to descrIbe chemical
phenomena. Please circle the number which best fits your
view of the following:
In Chemical Kinetics
Molecular modelling is:-
Very useful
Easy to understand
Very accurate
2
2
2
3
3
3
Mathematical modelling is:-
Very useful
Easy to understand
Very accurate
2
2
2
3
3
3
In Chemical equilibrium studies
Molecular modelling is:-
Very useful
Easy to understand
Very accurate
2
2
2
3
3
3
Mathematical modelling is:-
Very useful
Easy to understand
Very accurate
2
2
2
3
3
3
In Chemical thermodynamics
Molecular modelling is:-
Very useful
Easy to understand
Very accurate
2
2
2
3
3
3
4
4
4
5
5
5
not useful
difficult to understand
not very accurate
4
4
4
5
5
5
not useful
difficult to understand
not very accurate
4
4
4
5
5
5
not useful
difficult to understand
not very accurate
4
4
4
5
5
5
not useful
difficult to understand
not very accurate
4
4
4
5
5
5
not useful
difficult to understand
not very accurate
A6·6
Mathemat1cal modell ing 1S:-
816 Very useful 2 3 4 5 not useful
817 Easy to understand 2 3 4 5 difficult to understand
818 Very accurate 2 J 4 5 not very accurate
(b) In what ways do you think chemical equilibrium, kinetics
and thermodynamics are interrelated? (Open question)
819 ...................................................................
(c) The concepts of chemical equilibrium, kinetics and
thermodynamics can involve both quantitative and qualitative
approaches. Which of these two approaches do you consider
important for understanding these concepts?
820 Kinetics: Qualitative 2 J 4 5 Quantitative
B21 Equilibria: Qual Hat ive 2 3 4 5 Quantitative
822 Thermodynamics: 2 3 4 5 Quantitative
Qualitative
(d) Please state the extent of your agreement with the following
statements; relating to these concepts:
*Qualitative understanding and quantitative understanding
are inseparable:
823 Strongly agree 2 J 4 5 Strongly disagree
*Quaiitative understand1ng is a prerequisIte for quantitative
824
understanding:
Strongly agree 2 J 4 5 Strongly disagree
IQuantitativeunderstanding is a prerequisite for qualitat1ve
under-s t and i.ng:
825 Strongly agree 2 3 4 5 Strongly disagree
826
827
828
829
Cl
C2
CJ
C4
C5
C6
C7
A6·7
urider'standing:
""Quailt at i v e under'stand ln€,: i s rnor:e element ar'y 'ChanQuant i tat ive
Strongly agree 2 J 4 5 strongly disagree
2 J
*Qualitative understanding gives greater chemical 'realism'
than quantitative understanding;
Very enjoyable
Very easy
very interesting
Very mathematlcal
Matched your
expectations
Examination success
orientated
Vocationally orientated
2 J
Strongly agree 4 5 strongly disagree
2 J
*Quantitative understanding gives greater chemical 'realism'
than qualitative understanding:
2
2
2
2
2
3
3
3
3
3
Strongly agree 4 strongly disagree
2
2
3
3
5
*A qualitative understanding is less abstract than a
quantitative understanding:
2
2
2
2
2
3
3
3
3
J
Strongly agree 4 5 strongly disagree
SECTION C Chemical educatlon in Higher Education (undergraduates)
2 3
(a) Did you find your undergraduate course, in total:
Very enjoyable
Very difficult
Very interesting
Matching expectations
Examination success
orientated
Vocationally orientated
Intentionally promoted
chemical understanding
4
4
4
4
4
5
5
5
5
5
not very enjoyable
very easy
very uninteresting
not matching expectations
not examination success
orientated
not vocationally orientated
accidentally promoted
chemical understanding
4
4
5
5
(b) Did you find the chemical kinetics component of your undergraduate
course:-
C8
C9
C1Q
cr i
C12
C13
C14 2 3
4
4
5
5
5
5
5
not very enjoyable
very difficul t
4
4
4
very unintere s t lr.&r
not very mathematlcal
did not match expectations
4 5 not examination success
orientated
4 5 not vocationally
orientated
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
CJ4
Intentionally promoted
understandIng
has proved useful on
your work
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2
2
3
3
4
4
5 accidentally promoted
understanding
has not been useful in
your work
5
(cl Old you fInd the chemical thermodynamics component of your
undergraduate course:
Very enjoyable
Very easy
Very interesting
Very mathematical
Matched your expectations
ExamInatIon success
onentated
Vocationally orientated
Intentionally promoted
understanding
Has proved useful In
your work
2
2
2
2
2
2
2
2
2
3
3
J
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
5
5
5
5
5
not very enjoyable
very difficult
very uninteresting
not very mathematical
did not match your
expectations
not examination success
orientated
5
5 not vocationally orientated
5 accidentally promoted
understanding
has not been useful
in your work
5
(d) Did you find the chemical equilibrium component of your
undergraduate course:-
Very enjoyable
Very easy
Very interesting
Very mathematical
Matched your
expectations
Examination success
orientated
Vocationally orIentated
Intentionally promoted
understanding
Has proved useful in
your work
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
5
5
5
5
5
not very enjoyable
very difficult
5
very uninteresting
not very mathematical
did not match your
expectations
not examination success
orientated
5
5
not vocationally orientated
accidentally promoted
understanding
has not been useful
in your work
5
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(e) In your undergraduate course how did you find the mathematical
aspects of:-
Kinetics
C35 Enjoyable 2 3 4 5 not very enjoyable
C36 Easy 2 3 4 5 difficult
C37 Interesting 2 3 4 5 not very interesting
Equilibrium
C38 Enjoyable 2 3 4 5 not very enjoyable
C39 Easy 2 3 4 5 difficult
C40 Interesting 2 3 4 5 not very interesting
Thermodynamics
C41 Enjoyable 2 3 4 5 not very enjoyable
C42 Easy 2 3 4 5 difficult
C43 Interesting 2 3 4 5 not very interesting
(f) Please indicate the extent of your agreement with the
following statements; relating to undergraduate
physical chemistry courses:-
*Mathematics should only be used as a tool to solve problems:
C44 Strongly agree 2 3 4 5 strongly disagree
*Physical chemistry should only be taught by specialists
who are actively researching in the area:
C45 Strongly agree 2 3 4 5 strongly disagree
*Physical chemistry should be taught by lecturers
who have a wide understanding of physical chemistry:
C46 Strongly agree 2 3 4 5 strongly disagree
*Physical chemistry should be clearly related to
experimental work which is designed to help concept
understanding:
C47 Strongly agree 2 3 4 5 strongly dlsagree
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(gl In your undergraduate physical chemlstry courses:
*Mathematics was mainly used as a tool to solve problems:
C48 Strongly agree 2 3 54 Strongly disagree
C49 Strongly agree
*Mathematics was mainly used to model chemical phenomena
strongly dlsagree2 3 54
*Chemical kinetics were closely related to real chemical
problems/situations
C50 Strongly agree 2 3 4 5 strongly dlsagree
*Chemical equilibrium was closely related to real chemlcal
problems/situations
C51 Strongly agree 2 3 4 5 strongly disagree
*Thermodynamics was closely related to real chemical problerls/
situations:
C52 Strongly agree
SECTION D Personal perceptions
2 3 4 5 strongly disagree
(a) What expectations did you have of your first degree course?
That it would be:-
D1 Useful in terms of employment:
D2 Stimulating in terms of
understandin~ chemistry:
D3 Valuable in gaining
professional status:
D4 An efficient means
of gaining knowledge:
D5 Simply a mechanism for
obtaining a degree:
D6 Personal development
via a subject of interest
to you:
D7 Others: (please specify)
High 2 3 4 5 kow
High 2 3 4 5 &:tow
High 2 3 4 5 ~w
High 2 3 4 5 ~ow
High 2 3 4 5 ~w
High how2 3 4 5
D8
D9
D10
D11
D12
D13
D14
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(b) Has your f1rst degree course been:
Useful in terms of employment: H1gh
Stimulat1ng in terms of
understanding chemistry: High
Valuable 1n gaining
professionsl status: High
An efficient means of
gaining knowledge: High
Simply a mechanism for
obtaining a degree: High
A means of personal
development: High
2 4 53
2 3 4 5
2 3 4 5
2 4 53
2 4 5 how3
4 5 how2 3
(c) What do you consider to be the most 1mportan~ and the
least important factors to be considered 1n designing a
relevant chemIcal education course?
Most important Least important
D15 Other comments:
A6·12
SECTION E Design of physical chemistry courses
(a) Who should be involved in making decisions concerning content
selection for Higher Education Physical Chemistry Courses:
El Schoolteacher: Always: 2 J 4 5 Never
E2 Higher Education
Teachers: Always 2 J 4 5 Never
EJ Industrial Always: 2 J 4 5 Never
Chemists:
E4 Students Always: 2 3 4 5 Never
E5 Others: (please specify) ............................
.. ................. ......................... . . ... . . ... .
(b) How strong should be the influences of the following on
curriculum content decisions (higher education physical
chemistry) :
E6 Schoolteacher: Exclusive: 2 J 4 5 None
E7 Higher Education
Teacher: ExClusive: 2 3 4 5 None
E8 Industrial
Chemists: Exclusive: 2 J 4 5 None
E9 Students: Exclusive 2 3 4 5 None
E10 Others: (please specify) ................................
E1l
E12
S13
E14
E15
E16
.. .........................................................
(c) Please indicate your order of priority for the following
criteria for selecting content (higher education physical
chemistry courses):
-Important concepts in chemical
education: High
-Importance in industry: High
*Ease of quantification: High
*Ease of examination: High
*Good practical possibilities: High
-Good available examples
of application: High
Priority
2
2
2
2
2
3
3
3
J
3
4
4
4
4
4
5
5
5
5
5
Low
Low
Low
Low
Low
2 3 5 Low4
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E17 ·Elegance of theoretical
explanation: High 2 3 4 5 Low
E18 ·High student interest
potential: High 2 3 4 5 Low
E19 ·Essential for future
research capability: High 1 2 3 4 5 Low
E20 (d) In other aspects of this enquiry, people have spoken of the
important of "chemical reality" in learning physical chemical
concepts. Is this important for you - and if so what does it
mean for you?
E21 (e) Please use the remaining space for any other observations you
wish to make concerning this area of chemistry, its importance in
education and in industry, etc:
Thank you for your perseverance and co-operation.
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APPENDIX 7.
Questionnaire Data and PEST profiles.
This Appendix contains
a) numerical data chart } for the total sample
b) recoded numerical data chart
c) row percentage tables
d) linear percentage charts for all the questionnaire
items
e) a compilation of row percentages from the P, E and S
groups within the sample
f) examples of PEST comparison profiles derived from (e)
For brevity, full details of the questionnaire items are not
included; greater detail can be obtained by reference to
Appendix 6.
Coc>e • ,
I I.
a l
• ...
8 ,.
8 ,
8 J, ,
4 9
8 10
6 "
B 12
B 'J
~ ''I'
8 ~-
8 j(.
8 ,,.
& I~
B "au
j ~,
,J.l
II~
4.v,
J -ZI.
& ~
8 L1-
a~
6 ~,
A7·2
:a. J4~''T, '. Il. , 1. J#O" ,. ~ J , l'0 !).. 't ~ t ~
13 ':a. t' • J Ifo
~ " " u: , J,
.1 " 'J S-, J,It 'f It' f'1 ~
J , 19 I" J J9
0 J I'$" ''1 c- l"
&- ,~Iz. I.f. J 19
~ 1- I, I~ J li'
! 12- Ii- J 1 II
J t- 10 t' Co ls'
J. • I~- 10 1- h'
e s- Ilo Il- " ~-IJ 13 9 l- 0 n.. , 13 ~ • Jf
4 Ii- IJ J 0 If
0"'1'4 ." .. 5"....., -
J 't '0 ''f " ..
l.. II#- Il'
, J MO
J , ,0 1o ~ ..
It Cl .. 10 If ."
It II ~- ~ I .,.
3 ~ ~ If' ,... .to
~ :a.( , t: I MO
... IS' 1/ , 1 t,O
~ r ,~If'" it .1,
r IJ , f r ~o
Numerical score chart - 1 (full sample)
CO»E. ~,
GL
Cl~,
~~.
Cf,
~~
Cf(:.,
(! 10
C! "
Coil..
Col3
0..."
'-/j~
Co "
Cif
c:.1Go
e"
(.
e~
C.u
c~
c~
C:u
c~
c.~
e:&l-
c~
~Jo
C J,
C12-
c. 11
e~
~ I, So z. I 1,
2 1 lo It e ",
I. ~ 1- " 0 19s 'I- '( c- l ~
~ I') 10 7 .1 ~
I )" , ,. J ~
:r I"{ 11 z, It IJIJ
I l' II. If- , J9, r I~ I, 1 J9
I 'I; 11- ~
,..
."
i- .s 12. ~., .h-
I!) 13
"
'J' I 31'
t 10 II , , .I,
0 () 1/ 'J l!f J9
2. le. 13
, a. 19
I- 14- 10 I' ~ J,
2- 'I /0 , ~ .)), ,. ,I. t' , ..,
2.. '. ?- f- ~ J)1- '1 , l , n
r> .. ~ J- (I '", , lit , ( .J9
" e ,~ lit I) ~
2- Il.. I, , $- ~
'*' 'D '0 , , 19
0 IJ U. " 1 l,, 5' ~ ~ 1 J~
1 10 'I I- , 51
It- t! IL 10 • J7
() V .IJ 1- 1 'J
It- 'I If ; " "• '1- I.} 13 I, "I ,,. Ir " ~ JIfJ ''# '0 ~ S" "
~D€ ColS"
C~
, aJ
C J~
CJtt
c.".
c "1
C .l.
(Id
c. ..
C.)·
c'4
C~
C Itt
c."
C. ~-o
e sr
e 1'&
A7·3
s /. , " /0 :I,1. II I)· 1 1 ~
s II et ~ -l J,,.
"
') ~ 'f ~
J ~ It '/ I 11, I. I' 'I , ~
~ J , ~ 10 lit
l. ~ I' "r L ~J 1& .. II ~ 17
)' It ~t '( " Jrr~ , ~ , If" Jt
l.4 ~ " J I 11
:.to 10 T I () ~
1o "" It " If '1J It la. $- Z. l1
oS ,z- It 11- I' Jf
s " I 10 t 1
J 10 J n: II 17
.1>1 J.l. 11 , , 0 ...
') 1 ,r- I, ~ , 0 ".
b l d" ,J , z. l- 110
,2), I)' I. t, 0 () ,.
~,. ~ 0 1 IJ Ir ..,
bl. IJ III ) J 2- ~
~ ; o'c.c ~~s ..., ""'f
bt .. 'II It ~ " ...
b , t 'f- , .1. + 40
b le I~ , I~ $" 4 40
~ 'I
, 1/
" ~
1 ..
'b IL )' ~' , , " ..0
b IJ IJ 'I "
J ~ ~
6) ''1 } 0,.,.. QvCSll... S
j) If"
~& <to
Numerical score chart - 2 (full samEle~
CD~I! I!I
£l.
El
E,
Er
e'
E~
Et
i'
El.
r'l
Ell.
fll
£Arr
£IS'"
f'f,
r I~
&1,..
£~,~
.21
~J ... ft'T
l ; 1ft ~ ,. ~
1, ,"- 2- I 0
If lot 'j 2- I '"
~' J I, 10 2.. i'..,~ _".~TI_ -
Cl 2- It' IJ ~ s,
5'" 1-1 f{ I 0 IN
~-~ er ". 0 ~
I tr I' ,t " ItOClP.... Q,IJ.'T._ -
1D IS' )- e 6 40
I) J.I
, e 0 ~, l IS' , I~ Ito
"
, • 12- I~ J1, 11- " z.. I ~, I~ , It- , ItO, 6 '04- Ir It -.0
" " " I , ..,
12- "- ).. I ~
} OH.N qelSn .... ' --
O!>bl! 11 I
J z.
a J
8 'r
o s-
a •
11 ?
8 s-
a ~
a 10
8 'I
e '1.
• 11
attt
I Ir
~",
a I~
B .r."
a~
III
aJJ.
O~
I~
a.ar
.'"
~~
a~
a",
A7·4
1
It u. t IfO
IJ U. t .19
l- '7 ,I- JJ~- ,.. I- lID
J " IJ JIjJo IJ , "I)- ,~ (0 Ito, I, 'I 11
J o: U •
~ flo f ..,, 'it I)- ly
'"- IJ $- .)1-
" ID
,.,. X, Ij- Il- lS"
~. 12- It Jl"
~ , 2 Il'
11 13 I~ J~
2J IJ I JJ
......... "'.~T'''''' -
ID 10 ~ IfoI. n- 9 40
Iz... " I~ 40
ll- ~ ",. ",
lo9 ~.. " ItOs· , 29 40
.\1- , " 160'9 'I 1O ".
I- IJ " "1.0 • II.. 40
Recoded numerical scores - 1 (whole sample)
<:'ObE ~I
C &.
c.J
C't
c..y
c,
c.;
~"c.,
C/o
<:."
(,.11.
ea
~"f
C./l-
c4
c.q.
'If-
(..1,
C.lo
'-14
~lL
C.Q
c~
c ~"
c.~
c.q.
c..Lrc..,
e.Jo
<:.1/
e.Jl.
t:. 1..1
c..IIt
,
11 to 1 Jl
~. z.. Itt I,
~ ~ " "t, 'I 1 ~
'1 (0 If I?
" ft ~ 1,z.. 15 ~ J,
'0 Il- l? lJ
t- If IIf. 11
I)" IZ. 12. l)
U II. " ~IJ
"
, II'
II' II 10 ,
0 "
~.. It
(t IJ t- Il,,, 10 /1 Jt
IJ .e ," It,.
" ,p. It
" ~ ~ If
~ , It "~ ~r , J?
I~ 1ft 10 "e Il- 11- "'It- 'It " "'" ID ,~"" Il- lit J,, J.o 9 ..
" II I~- ~
I~ 12. 10 17
i' JJ IT Jt
IS" IJ ~ "a Il ~ ~
n" ,~.. , >f
" 10 II. Jt
COb! C I'",15
c.Jy.
ell-
Co",
c.
c,.,
c ~1.
c.ftJ
c.~
C ,.s·
e.'"
c~
e-r
Co"
c..Sb
e "
en.
~ ,
) 1
)1
,l>,
) s
i>~
)I ~
~f),
)"
bll
)~
b '3
b.,,Ir
A7·S
J
I)' i- '.. 1,
IJ 's· " It,f, , lit ~
'3 Il '3 iii
1 It flo 11
lit t I" ..,
I~ , 't- ~
#I- " tl- ItIJ ,... ~ 3T
q. f ,~~
Q-
, l+ If
~ , .. ~
~ ~ , It
Ir " Ir If~ 11, , ~
If' ". ~ "At- f 'I' If
u J '" 1,
u " , ,..ltr !" , CfO
~ 5- It ..
If 't 0 .., 2- JI 40
~ ':f r 3,
~Q",a" ..... -
4 't 2 lID
lor , , 4D
'-I Il-
, IfO
~ '1 , ..,
10 Y al. ""
~
I, ~ -
J oHM ~"STIftIIS --
N- 40
Recoded numerical scores - 2 (whole sample)
e~b' El
'I-
[J
itt
£s·
E'
E;
Et£,
£,.
£ I{
tIL
SI)
'It
£,r
i '1.
£~
It It
E"
e.~
IAI
1+1. J ...... T
l I, .~1,
n ~ I .,..
'1 ~. t 40,. I, JJ., "0,....... "CS'1' ...... -
1 II' "
J,
14 f' , IfO
1fo , If Ito
r II ~ '"e'~ Q"' ... T ..... -
3," .; 0 .-0
JC# , e AD
It 11- lJ ~, .. » l'
U I{ J ..
U. , ~....
~ I. " Ito
LJ 'I 1. ItO
It t,. , 4.
-~~.-.4S -
N: -40
Ce~1I ~,
8 l-
a 1
81t
oS"
8 "
4~
aB'
(St)
lie
B'I
J Il.
I (j
IJIIf
a Ir
~ 'I.
B q
8 '"
B 't
8~
8~
'.Ii.
S~
8.14
8M
B~
,J4
.. Jt-
,,~
A7·6
'~a. 1 ...,. 1.'*
5\'0 ~ .. :.." Ifo
II·! ~I~ "J "$':, ....~ ,",'~ ~
h,\' ~..• 'h' ..,~., .... JI.J J,
')""1 1303 ,.)~.. 1,
n'l' lH" ~".cJ If.O
.3tJ. " 4i'1 l.t-1. It
io., J,.)' ,',., n
li·J 50'\" 11," J,
.a.1·~ u·" JH' Sf..," 1f6•• o-v ~
1,. • ,u.., 40-0 J,'.u-, ",~.~ 3l.-.J lr
""'J 14'1 SJ·lt .n'
II·1 .24~ $'-4 11
l.l.• J,"l ~ .. If
$I., 5)~l r~ h
OI'C.H Q"'C5~'''''' -
.J.'-:. .Js·oO S')·. ItO... $1\' .;aa..r IfO
' .. 0
2,\':0 "ro. Ito
""., .-·s· ,I)~, 1,
h·~ 12.'')' IS':. 110
I~·r Ir:O 1-a.." ito
b·r n·r tr'O ~
~1" ~1'"
.t,~.400
'~·t lH ~~ St
'Of'O AlI" .... (ID
Row percentage data - 1 (whole sample)
1
I :Jt ... .J.o. )' 1,1 "
1 t~·" S'd JS~, It
J "'l /J" 1),+ l,
It ~.~ 11·) ~'I ."
r ....... ~, ~~,Jt
" '\".If JJ.I "·s· "
f ')",1 IJ" ,s:.u "t J~'. ..'" ul' ~• ~·s· IIU ,"t If
• *." 1'-1' ~+ Jt
'1 ~'~.,It' ,~~~
1.2 J4'~ ~,.. 'r:.. JI'
I .".l J,a-.z. :U'" It
".. JI..t, ~ .. Z,
i' ",.~ IJ-I ~~."~ /fl" ..~ ')·1 Jy
JJ .J .l'~ .,., It
~ tS""I ..,.. 4H Jp
4J., "'So /#., Jt
".~~·o I.·J Jp
~.S" *' 1$''4 Jt
n·r lS~ a.s·" ,
0'0 ~." ',.a- II
~Yf h-:' .lJ'.l. ~
· ~·t S)~, .,..t" Jp
fI:I ~·t .W., "U·, S~., ",1 u-
,. ... J, l).J n·r' 11
~" lo·.. .a.s"-, "W·J' rp.fI l.4'l' J7
II-.J' ",I'/' I-l-t ",~, II') "., If
J",.. n·r :y .• ~
.,.c. ss:, J,,·r "I
c
c
c
c
c
C
c
Cl
t..1
{.I
t..1
eo", e iv
c.
~If.
'If
cl'!,...
c. .. ,
~fIt
c. .J
Co...,
Co 41'
c:4£
c~
,....
c..,
,sa
,I')
c.n
A7·7
,..~ 1
~ ~'\" ...·0 1,
~ 11'-\' ~t'l )'
~.o ~.o JS~, S,
J)oJ 11·1 IN l,
~.o 1,6.a, l-... 11
,n'., ~·.r "'l.' ~
~ ... .1.J., ""J,. lit
I. oj ...} q.., lit
1I.J 2e'" ~.&. 3,
tW·~ ,L'k' 1104·" S,
;2J." I\':tr 'l'L It
fJ.? I~-:t' I. 'ff J,
-Wot ~~ 2·' ~,
.N. ,~"-4 ~.. J,
""1 ).i- 110, !fr.·. "'S S)., ~
Ss-., I"" ",.1. .,
1'" ~.J. SO,., ~
')1 t2,.\. ,\",00 ~.)o ItO
lz. ~o Q." ~'\'" ..
b l ~·o ~-o I... ...
'), la·,· ~.," "0 1M
) )" '~1° ~o J~"o Ito
) " ,,.. 'lo, I~·t 1,
b} .~St04 QoI •• "" ......
). ,"s-.. "'0 $-:'0 'to
b' h·r u.~ ,,0:0 ~
b ,. s~·,," ~'O I~r ....
.b" t""o ~o," .)~.)" ..
bQ. ~~•.o ,3e •• n·' 4eo
)13
_ ..,
~I" ,~.~..0
b ''t ~........ Un....'
~,l"
.. = ...
Row percentage data - 2 (whole samEle)
CeH £1
El.
£j
Elt
ET
E ~
£;
El'
E'
ell
E'I
£ la,
E'lE,
E ,,-
a"
£~
i ,.
i'
'"€.,
'+L
I~'14) n·,. ~,~.~ )'.. ~'ff lfO.... 12·\- l-\- ...
lo')" ~'1 Se.. J,
o,~ ~u~,~ -
~"'I ""1- -..-., 1~
.s-:o I~·'· ....,. -Nor ~.). te·. 4N)
I~·)" ~. '-.. ...
0 ......, QoI~ST'~ -
~of n: .~. ~...
ts".o ,~--o 0" 110
I... '1"1- t~·~o
...,
z.." !re" ?t'1 ~"~a. J.i"J 0 ~.~'WI
"':0 oU-\" ,20·\· ...
,).\' "'~. ....r ...
",.," J:I.-; )·00 ...
• r·. +--0 1)-•• ...
~~~1"~ -
-
A7·8
'.
0 ,. U J. ~ n 6e ..- to ,. ..
II
h
43
I...
IS-
For interpretation .,
of item codes,see
PEST profile data. l',..
'9
lIt>
e"
Ill.
til
I",.,~.
,,',,~
811-
~A
8ao
la,.~
aa-r
.,.....u,~
~~ I::,.. ,. H .. .. n .. r. &e ,. •
1
Linear Eercentage bar charts - 1
A7·9
'.
e .1 u ,. 4- ,.. II ,. ,.. ,. ".
Cl
U.
cJ
e+
c.~
C4
q.
For interpretation
of item codes, see
PEST profile data. C.&
~,
c.(1
en.
Cl)
et,
GIl
c:,,.
"~a,
Cl
tu
~
CM.
""
UI"
eU
U.J
Ut'
CJ.
c"
d",
~u
e..I't.. ~ .. 1'0 A600 10 ~ I.e •,- '0 ,.
Linear percentage bar charts - 2.
A7-10
I
I
... ,..,
I
~l~"
cs.
Uf
I
~
e!M
«-
I
~I
CItLe.,
~~c_.
c"-
~
Cltt'
~
cro
en
e~'1
c
I
tu.."
Linear percentage bar charts - 3 _
For interpretation
of item codes, see
PEST profile data.
A7·ll
~~ZZJ ;;
1..0 ,. .. c...
Linear percentage bar charts - 4.
Er
cn.
"e..Il,
E.&I
•
kr.y:-
A7·12
PEST f>il.O,.'L.E b~TA. -]:
ICIIo.4E" k:S
M2ItC.""'''~ ,""OCII~I~~
P E s T
lA.Se.IeJ C3 ,
t.~ Il
a.~ .. "~ 4J
y N V N V N V N
""'1- I,·, "H' ~l" re·. .to•• n..., ~ ..
1,·.. S".~ ""J, J'l> .a&.a.u) .aa-U.) U·H~J I.·J (I,)
~.~ 12·3 0'0 ~~.~ " .• (9) ~"(9J '~I(111) ""~(J.)
", ... ? N1:o'J "': .• ~= ...
Mo.."'"" 1.i:i~1 ~Q!!I£II~:
;> E S T
y N Y N V "-l 'I N
",., /I·t ",., 0.. ","0 ~'O "z. .•- 'f·S·
).~. , 1.1,6 I~'.", ~I" '''' (') "'10 (9) I~.,("J !HC,,)
4/'1. ~I-' 'N' 0'. s~-.. c,) ~~(9) S'·J (19) I~-~ (JIJj
N: Il 104: II N: I.
"" Ito~QUU ..18RIVIW\
M~I~,.M!A.1f' ""'odc.JI~!:
p Eo S T
y "'4 Y N Y N Y ~
4/'Z_ l.,f., "., Ih' 1.·. ,.-. l~ ..• ~'oO
I~., 2'·' I.', ,$....,.. U'~" S'N(f) .al•• (lit) a'l (JIt)
"." $'2., 0'. S-J.~ 12'5"(") ,.., ..(.) ~( ..) '2"(_)
.., C •• ,..,: "
M!.1\e.~('" ~Oc2l~'(""J:,.
~~~ DIO
u.c, a 1/
Wc' ,..,..It B ,z,
oS T
y ... y ..., y N _y ,.,
}(.'f' ,,·1 ~'l ~l'I ,,.,r.) ~l,.~~ f):J(JIJ) '~(JIJ)
lA-' 'a-l .Jl-/ l,J" 0'0('9') 1>r·olfj "N(rr) ".1" (Il)
u.' a. ".,. ."l. 1~,1t "Ht,,) ',..,HJ) ...,(~ IH'(st).N _,~
]'l'f£ ft~ 0 b 'tA.4 "" M ICS
~ oIt{.+W LAf ~ c>vc.ll ~ I
f'4 L It.
y N Y N '1 N Y N
~..... ..~., It·; ~,.)' .". .• (S') l4.{r:J ,)' .. (Jl') tu (Il"
fl." "'-'1 ,,,-, ~3·' 04.. (f'J .. ··er) ~.,~) '-'-'J pt')z,., 1' •. ,. ~':J $,-, D·. 44 'olS') ~'I (ltj $"1' t (1t1
,..,. " Ne. •• N.~.
A7'13
PES. P~OFl"'[ ~,...~ Cu-t-" - JJ )
M~I\.~·(-..I ....oaleJl '4:
p
\Uc-}-I I '"
~ BI~
Ct.~"". ill'
y N Y N Y #oJ V ,.,
t-t·l.. 0'0 1(.., 0'0 lid (J) J.l... (~) "'J lJI) S'4l"')
~, .l, J,J,l I~-'~ a.I,( 4,t., ") ~.,(~) Is-t(fI.) s,,+0,.)
,n., 11·5- ".,. 0'0 #" e.> ,..J CJ) 5C+(JJ) ~·a.(R)
- N: ,1 N ......
""Tk b4V O:ff""Du '" p., 1M\~~o.::1.'
P ~
K.."c.-~c.s (h.•
E1~(i~" Ih.1
T'II.........o,j' Iln.
s T
~. ~I". ca-.I ~t-. Q..,.J ~ Q..a4 Q....-J-.
,lJ., '4'~ l.l· , "".l. 10'0 .10'0 l,S·o !nI'O
1)..1 ~".., :r,.~ 2.1'1 ",,, ,0'0 ~·o ~1.'S"
3.1·03 4.·, ~ ... n·~· lO·. >..... I.,·. ""S-.O
- ....: 'J ........
Q-J./~. "'ser" IhJ
~..t.~. illil
~r.~. I~r
Q~ ..... ~ e.J..... 8£6
Q-.l. ""¥e. ~ '.111
Q....a-Jo. ~ ru.I IoU'
Q.....l. I.... ~c .... a~,
P £ s T
y t-/ Y N Y ... y N
.ss...1 ,a,.·o SO" D·t ....,.. 30•• 1f.,J., Jr-,
'16 ·r Ir' 1'-, Ir:. ,... t•.• h·so Ir·o
Ir" ~.~ 0'0 ~.,"... Jo .• I~.)' 1a.~,,,.~ I, .• ~.,. l.J., ~ .. It· II 'a·S" IJ"O
4?-I Z~·.1 It·l' ).J./ h·o 1o" 4~'''' as":o
1.., ..,. $'~., ~.,. J'.l· 10'0 so·o '",' "'I'H·t b·J '.')' l.·... lO·t ,,'0 S"·o I...- ........
1"• ...., ~~''''~ .......c. ~~st.·.
P E
~j.,0." ,(, Cl
cUJ.r.·~" c~I
loo\. ~,t-\ ....., Cl
~A.tu-., ..."....-~
ella-.. &Yi~~ c~
Voc.. ...,..~..,. '-'
,.,.......~, ~.s q
V N Y N Y N ..., ,.,
....·1 1/. 'r ,q'2 ~'J tl"(~ "., (" ~ .• (J9) ;.:,.l.,)
II·f 141 I)·.~ J,J., 1(., C,) 1J.J (" 11·t ('1 Js"j'*'J
, .... 1- I~.' ~., 1)" oft ~\'., (9) '(01 (9) ".~~I)·", r,,;
s:z.i ~1" ""., ~J., "" .• ('J) ~'l(lJ) ~.~(.,.M.'(,,)
u..~ ,~., ".J' I.·" ".J (f) II-J(,) .,.., (JIJ,l )..J'.I (\2,)
':r, ~..... .'0 ".~ 2~ C,) rw.~ 1)"~1'i " ..dJ9)
n·i' ".\" J,4'l 1,' "·t(fj lut,) SN (¥t) ,s~,,(,,)
N" '" ,..=,) N~ ,.
A7 ·14
PEST i'~':,,_£. ~A (fect..~' - liL) .
':>k'1SfC.~1 ek"""_";'Sr::.ty ~
1<''''4~Tle"
'-J'" .Jolt. et;,.~ ~9
c.o.: liv..s ~ C.lo
~1l..1\~..4 Cl'~..~ _,.,.,t ell.
~o..... ~'...".j. (..11
Voe.. ~.~. CII#-
~tu ~~ "\-
IA~ C.I,
,.. Me4t.H 0b 'I '" ",,\IC.S ~
e.:J~cr.~ e'l
~~ '-4",
~~~ C'1
..... rt.e-.aA:t-.l Cz.o
~~ "","'_c,' (~,
~a-. (J'If\'t;.1-' cu.
~. (M'''_''' C£.l
(M1III.01I'A ,-I' . c.J+
v.,~ u,·
f4iuIL.,( ISIt\UM:
fMl'1"~~ cu.
f&.4..J c~
"':'Ii,..-cs~ C~~
~,~~." Q,1
~~t c}o
c.t.._. ~'..."rJ Cli
V'~. _.~ ell.
fY"""""O~. _, .. " C.IJ
I.A.&~. c.Jlt
V ...., y p..j y N Y "'/
32·) IfN I~':q JioJ' J~.l. t.) ~~'("i-ll:. 0,) '"~
,l.1l "4- 1'1'. 1\-"1- 30" 11'/ ,.., ~Y"'(~ .)"')·U,,, IS.., tiIV~~.,02.,'" ,-;'It- n·,· ~.,c,I ,u'Z,(fj) },_ 6~ )....~
4~' .1.,., sl·t '1." 'u-(tJ 11·S·(1) ~., tI, Is~t,.~)
~'1" I"" ~.~ ~·f l""(eJ .as~.(I} J~ ... (aJl ,s:.. (h;j
S"l.., ,.,., It·S'' lo·, ~·ft(~ 11:1(41 4h.~ 1!~(IV
&'0 "4 .~ e·o U·, 0'0 ~'(\I .'0 ()V ~.,. {I\J
";', 11-' II",£, f'7 ",.." r,.. "'t (I)) ~'·ll... ~odJ"
qJo~ h.J .. "J.t' ~.~ ~·L (CJ) 'H ~)'f+1" ()l) U.J ('V-W_I~ ... ~ 11 .... .= 10 ........
p T
y "" y N Y "" 'f N
.2Cf~ J.l ~., U..s· .IH' l.J1/ ct) JJ.J (\I JNlJJ) 14'·, (JT)
1'1'6 n·, HO.. J"'J~ ,,., (4) no] ('» '10+ ('P, fl.H, tit)~., ..~/ ~·I l~·" faO:, r" It,.~ 'H" r..,) 14,., tl'»
'~'-I //''if' , I'll ~'1- ~Er(,) "., ('J ,,~ (1) (.oj (Jy)4'" 2.1.' eo., J., floJ ('J ,'0' (.) t....~)no.. u,)
4~1 Ll·, lo·. I).... Jlol (,,) ...,.•1'» "'J'~ .Js~ Cc,)
00., ",., 0'0 'N e'O(') ~(\> 0'0 " ~ la"
l~'J ~'of. ItoJo ~., II'J(,) 1l.J (91 U)(, ~U".2,... "N. ~"L I)":" Uo.l ('I) "'1 (9) )~~,(~ JI~'O\I
H = 12 fie" 10
T
y N 'f ~ Y ~ 'I N
S'2.·, 1.2·1 IS-·~ 10 l' u·~(~)""'4 trrl l).J (}'r) Jr., <I..)
w·l. .11· , ~., ,.~ /2.,. C" $lt·o t" 4f.~().)a,,'l(Jr)
~l'l J~·l 11-:. ~.... I,., (,) $)'" lttl ,It.1. Cl,) .,..,.. tJ'J
t.~., l.t.~ loot ~o' ~l··'~) "., (,I 4t,J., ~ .1'~'W
Il·J 'T' /.; ~.~ "., C" .,.. l,J .,.d~ "'a' ~)
iii" .21., J"0f" .),,:. )H (') "0/ (') JIoJ"~ ~.,(~)
S":~ .n., ~~ 1.'0" 0" M,,> '':1 O,J 'H (,~
n·~ "'50 11'1' Uo' 11'/ 11> ..~ (" I,H'(JrrI ,u.o Is,)
~l." S,l.·J n·" .'0 11·/ (~ ".., 11.1 4fJ'C", 1001 ('\)
N s 10
nST ~UlFIL.! ~T,:II l Ccw.'"' - B )
""~·H....d.c" ~ e~"t...t ~~I
p
~j.7o..~lC. Cl'·
u.~ c:~,
~~,,~ C'l~
EQ~I"-'B ~'u......:
~loH.f "'t c:.l~
v..~'d c:.J,
~ f.&..,d~!t ~
......j , c>.1.1~ e.41
~ ~
tM..~~. C4J
A7 '15
e .s or
v '" y '" y N Y N44.'l-1 1+1'1 Jo·s- Jo·' IJ·: lill h~r(\J 3t.).~ ~ .. ~
3:1·3 l-,. If Jo·r I~". UJ l1J ~ (1) lJ..J 01) ~l. lJoJ)
)~.e, .h·J :lJ 0/ 3,.,l· C#Ito't (~ '1-3 ~) III'" (}., fa"., b~
.... &I~
p s
y 1-1 Y N 'I N Y ...,
~·l·' 1.,1' Z IJ-'~ :1l·, .aH t" 'u (cl, JI'3 \~ 'N ~)
12.'] .2.1., IS-:~ ,S".~ ",, (\I "o~~I v. {'1 3••y lit)
,$-1-', Iofl·z. ss., I.,."l. .~H (\I ~~J b'·, (''I> ,.".~ ~')
...:,0
T
y "'I Y N Y N 'I N
32.'3 ~.J., IJ-'~ «t.e: 14-.1 (It) lJ·.l "} 10-,. e,> tho ~')$:, 4";f·/ 1" 1.·J"" ,llol (~) ,UoJ l"\) ,"1 tJl) ."0 ~')
'1"1 4/'1- 11':t 't·SO "...."'(1) IN l" JH ~') ",.&. ~~
,..':'0
Sec....w..t ... ~ "') 1.4/, toc ..,••I"S~:
p
to1 .. lks u ,.., c..",.
S,,_,,· "wl~ c.....-
"1.....- sr. ~e""" ~
1>1W.~·l.., ~ ~
M ..~sf..-~ C4f
~~tb fiv ~~ C4,
k "eh, / -.t...t;
EtI4il{ ~~
7~(~~
s r
c.'-o
y '" 'I N Y ~ Y ..,
3201 41·, 31·S' ~"1 "0' l" 1J.l (1) ta' (It) ~H ~,)
It'I/'" ",.1f1C) .2J., 'to" .Iol·l (" ..... (1) J./ .. (,Jt) U·" f!'f}
1)·-000 I.H'a.> ".z. "'0 ~C'> 1l..1. l') ~~~) '0" l"),..~ 6'0 ~., ri _ ..,,, 0'0 ~, l't) .a., C!'t)
/IN. .~., y;/., .2J./ ,.,.,,.l') ~ct"t ~ "'·t lJ?) ,...~ (Il>
~'.1" l.3., loot ~J'I ~~... (" e'O s-". Qf) ~., L"}
.i~.l.~ 1# I 'l. 1)--4 , ,.2, Ifot~~ ~olt(' Ja", ~) ~'i (1'1)
,-,1. , Ifl·!. ,r:4 Id01. 1'lI.J l' ST" t~ JS'_' ~t> ~.~ \.'1>
4:'" 4"L ',-." ....., lloJ (11 ~T", l1J .J.N la,) J~.. l."
'4"'1
A7·16
Pes.,. p~o~U!. l:> fI\'-'" (c.-I" - !1)
E.'f Pc,.c...hi,k·,-,$ eJ. u·e:
~t....,.w-" ~I
si..."-"~~~, bl
pvofl. s~~~ bj
,...: .... ~~ 'j)lf
~u.'.~ f.' Ha. i)S-
pe.., s _...( tJ.A,I." J>J,
E,~' -.c.e. .; J.4 •E. •
IA.J..p. I""" jo'. J:)i-
Sk~l~ bC)
ri. s~""" '£)'0
~._;.~... bl,
~. jAA.- a..sc.. bQ
~ tkA.'. }),!
I'='
t+ L.. 1+ L- I+- '- 1+ L-
'4'/ o·() {, f·z. "'1- tG'Dl'IO) 0'0 '.2 .}" ~'!I'
1"")" ~., 9l. '3 0'0 ,"'0 «"0 i1':0 .2.-)'"
u..~ S"., 1'., ~.~ '10 ·D ~.·o to· 0 1"0
rt·l. <J·O ".~ 0'0 SO-D «"0 1-a.-s' 0'.
I:'., G',.." I~": 9- "." ,I.a)·0 80'0 I ii- S' n··,'
~l'lO')12,\'6,) k' I):"" ,"O·D I~ ." 'HOV I~ .t6t>
p e:. T
'" L. H \... H ... It L..,..2 .-:, fL·l f)-o ~-O 10'0 .S'·o ~-;o
"",.~ ".j ",.'1 1--1- .... '0 Jt"') ',·r IS':o.~.,,aJ., ',.z. ;.~ ~·O ~·o S".z.$" 'H',-~., 1'1" {,f .z.. 2)., .20'0 1.-0 S-.·. .J.Z.·r
tlo·, ~." I )-'It J")' .n·0 ~·o .21"0 $')~D
/4-'" 1 1'1-6 ,,..,, ,..~ ~'O 10)'0 ' •• 0. ,1·S-
Ma-" ....,' ... =- ,0 N': .0
Co~'SS- 'l>~·'5"".
wko tk,o ....l;> b~ ~vdf.vul:
p £. s -r
~~oIlc. .. •....... £1
H--f. re•••• '" £2-
~.__,L. ~~ kJ
,I-wclt.-Y £.¥
s~k~'" £.J,
14~. rt.ael..~ £.~
I:....rc.,..~. ~.~, Lt;-
'f.~c-Y. £,
I<i!j .' \of J-j'
j,., L...-w
H L. t-+ L.. tt L 1+ L-
If·' ll·J 000 5-J·" "...·l,C1) o·() l:fo,(r))
U.J{jJ)
ft·~ $':t '~·l ~'O IrIfI·. 0'0 9.2')' 1'S'
~.., s-=, , "i" 1)':4 IIID' • 0'0 "'0 ~'T
l/.I."') II·~W 1'1 ""'.l. .zo-o 0'0 ,2.e. ," )0'"
N::' II
T
1+ L.. Iof. &.. H I..... tt '-
,.~ ,,*'1- 0'0 .t}.,. ,/., (1) ',.,(t) .... /{JJ) ""'VI';
H·t" S~, '2·J 0·C) 70'0 0'" ~··o ~'S"
]0" I,·f' *''l. "':'4 ,"00 .·D ,~.\" 10'0
'1-6 ,~.,~.-? ,,·s· 10'. ~.o Il'S-' W"
('4.'1'
A7· 17
T
r"'t~""" ~ 1.1
~.c.-.s~l . ....:..p...;. i I~
I!:Uc.1 ~l ill
lA.'t ; e.. --- ! lit-
Pl"'c.. ~OJC1·r..·k·h'uEd
E'-r'4,.a -rPt,....~ 6",1-,.,_ ... f ~ elf
,~~~,. £rr
1=1,A..h.,ve. ~.c.&e.-'" E."
... I- If '- 1+ &.. ~ l-
I ,.... , "'0 ."., 0·, I'D'O !D'O 't·J- e·o
~'2 "'0 ".~ 0'0 /n·o 0'. "'-:0 b·O
$-=, "d, .,·c n·i' So'o JfJ·O /0' • 5'1.,.
".() f".1.·ct ~.~ 1'4." 0'0 n-·'c1 ~., {.t,} 71'1('",
140 .~- 0'0 ~l" ~l'l /rJ'{j '0 ".., '~'. 0 ;.~..
n.·, ".'1 ~-l't' u·( lae·o .," U-·f) I~ .j"
11·1. II"~ 2.1·/ AI' ·L '0'0 "'0 ,~ s: J;.~·s-
?It., oS-'f S-J'k )., ~'O 0'0 '~·r ,",0
t'J'.., "." JO'r I 5'" It- ",0'0 .a,e. 0 J...... e ,,-. 0
A7'18
.---- IJse" ...... ..ao 'T \)Se. .......... -----'~,..
1.
j ""liT c,..Irt'f
)II
0
I
1
62-
)
~
J
G
£
0(' A>c.c. ~ '" .-,... .. ""o~ .......... "",,111. ~
81
t
~
0 B~".f .: ""S'1
J
~
\l
~
~I
JI s, >"
PEST profiles for Items 81 - 86.
A7·19 ,.
CII
~
...
PEST profiles for Items C26 - C32.
AB·l
APPENDIX B.
Excerpt from TR25; university lecturer discussing the changes broughtabout by industry/education links.
I": Fine. Now Y - you've obviously got quite a lot of links with
industry -
Y: That's right, yes.
I: Erm - not only you, but the Department has, as far as I can see.
Are they having much of an impact on what you teach?
Y Oh yes. Erm er - yes because for example we have CASE awards
with industry erm - and, the examples that I use in my lectures
are usually drawn from my personal experience, because I know those
examples very well, and we even - that man I spoke to • is, in fact
a visiting Professor from industry, and he gives 10 lectures in,
in the course on Materials Science - er - so we have men who just come~
in - er - which didn't happen a few years 880, and just teach, and
er - er - so in that sense, I've been replaced by outside speakers
from industry. The material I teach is - is also industrially
orientated - er - although fundamental as well so I think the material
has changed in that the examples have become richer - er - perhaps the ~
emphasis on fundamental science has been reduced, I mean, it - it - it -
by definition it's had to. ErID- and then we try and teach things which
are 1n some way top1cal or relevant, I mean, we don't talk about th1ngs
which were 1mportant say in the early '50's, or - you know, we try
and talk about th1ngs Wh1Ch are important 1n the '80's - so, I thlnk ~,~
the examples change, but the fundamental science 1n an area like
Solld-state chem1stry, or gas-phase chemistry, stay the same •
• refers to earlIer telephone lnterruptlon.
A8·2
r: Do you thlnk there are any positive and negative factors from a change
llke that you could pick out brlefly?
Y: Well, I thlnk the posltlve factors are that - er - er - we are at
least ln, in touch with the real world now, I mean, that - you can
talk to the man in the street and I was very much aware of the fact
that he thought the unlverslty was an lvory tower - er - where tax-
payers money went and lt was a complete waste of time and, and erm -
- they are now the people who - are affectlng the - or at least vote ~)~
for the people who - who stand in Parliament and say we should cut down
on universities and close half of them, and so on. So 1 think we are
beginning to get through to the public that at least in a very small way
- we've still got a lot to do - but, erm, we may be dOing a reasonable
job. Er - erm - so that's one factor which is good. The other factorrIO
which is good is that the involvement of these people and the
involvement of these - er - industrial examples in the courses, means
that - er - er - the students go out into industry, they're far more aware
of - er - the relevance of our teaching and hopefully the their job
prospects are improved sliShtly. And also the involvement of people r~'
from outside means that our research is financed. Er - the negative
aspects of it are that we tend now to I think offer a - a broader and
shallower course than we did before - er - the depth element is, is,
1S SOlng, so that - er - you get a broad and shallow view of things
llke polymer science or SOlld state chemlstry - but the really detailed ~'w
depth that we perhaps used to do 1S beglnnlng to go - er - and I personally
resret that from an academlc polnt of VleW' but I feel that economies
IY
A8'3
and - the general universIty cl1mate 1S (orclng Lt upon us.
Do you see that as a lowering of standards, or just a change?
Oh, Just a change 1n emphasis. I think we stlll have - we're still
picking good people and the standards are still present, but the emphas1s
o( the - where those standards are and 1n what areas, and what cr1ter1a
you use er - certa1nly the crlterla have changed slIghtly. I don't thInk
the standards are lower. But we're producing now a d1fferent product.
* * *
